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ABSTRACT ' 

This report consists of three partfe. The first part 
provides advice (in the form of questions and answers) to prospective 
individual ppwer producers who are considering investing in 
electricity-producing systems and in generating their own power. A 
list of Public Utilities Regulatory Policies Act (PURPA) regulations 
is included. This legislation requires utilities to buy electricity 
from small power producers (or qualifiers as they are Called). The 
second part presents (in .separate sections) discussions on the use of 
wind energy, flowing water (hydro energy), and photovoltaic systems 
to\generate electricity. Each section includes background 
information, a case study, recommendat ionl§^, end a list of selected 
grant projects from, the Department of ^Energy (DOE) Appropriate 
Techni>logy Small Grants Program. Most of the inf oritiat io|l and 
recommendations in this part is based on the fina^ reports from and 
interviews with individuals who received DOE Appropriate Technology 
Small Grants Programi^wards . The third part provides sources for 
additional information,, suggested readings, and a glossary of key \ 
terms. (ML) " 
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PREFACE 

FVom 1978 to 1981 J the U.S. Depart- 
ment of Energy (DOE) awarded more 

than 2»000 small grants to individuals^ - 
organizations and small businesses across . v « 'A/ 

the nation to research and demonstrate ^ 
appropriate technologies. CJrints Were 
given in the general^urea? of conserva- 
tion, solar » biomass, wind » geothermal » 
and hydro power. In 1982, thc>lational 
Center for Appropriate Technology 
(NCAT) was placed under contract ^to re- 
view final reports frorn^h DOE grant- , 
cc in an effort to extriPhew ideas and ^ , ^ 

other provA concepts that couldbe df 
value in applying appropriate technolo- 
gies to energy probleriis. 

Thi<i{t)6oklet is one jn a series of i^bli- 
cations that focuses on'appropriate tech- 
nologies and their application in the 
honie and the work place. These publica- 
tions combine a qualitative iissessment of 
the DOE grant projects by the NCAT 

technical staff along with the results of v 
current research for the particular tech- 
nology highii^te(| in this document. 
Each chapter of this publication has a 
list of selected projects reviewed in pnfji- 
aration of thi3 document. 
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This report was, prepared as an accbunt of work sponsored by an agency of the Uniled Slates Govern- 
ment. Neither the United States Government nor any agency thereof, nor any of their emplo^'ces, makes 
any warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, com- 
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More and iifore Ameritans arc generat- 
ing their own electricity. Faced with higher 
ener^prices. ^id ei^puraged by govern- 
ment regulations which require utililfts to 
buy* power from small producers, individ- 
uals around tlm country are investiRg in 
clcctridt>45roduciiig systems. Tho^urccs 
of energy used by these s:^^ten\s are di- 
verse, ranging from geothermal -water to 
mdustrial and agricultural wastes, but by 
far the most pppular hayc been wind, 
water^ and the ^un, > 

But utilizing this ** free' \ energy does 
pot come cheap. As many of the grantees 
irt t|ie DOE'S Appropriate- Technology 
Small Grants Program discovered, pro- 
ducing powir with wind machines, micro- 
hydro systems, and photovoltaicsJ^n in- 
volve a large commitment of tii^ie and 
money, not to mention coping With the 
various problems encountered 'along the 
way. As one grantee commented, **Many 
of the unforeseen pitfalls that must be 
overcome are not generally known until a 
project of this type isJinderway/* 

For this reason, DOE grantees from 
around the country were asked what ad- 
vi(je they would give to individuals who 
are considering a wind, hydro, or photo- 
. voltaic system: Some grantees were opti- 
mistic about the potential of homemade 
electricity, others were more cautious; but 
all were willing to offer practical advice, 
based on their individual experiences. / 
Based on this advice. Homemade Elec- 
thciiy kads prospective power producers 
through a series of questions that will 
help them decide if generating their own ' 
electricity is right for them. Eacn technol- 
. ogy— wind, micrQ-hydro, and photovol- 
talcs— is Also introduced, describing pre- 
liminary considerations and emphasizing 
V the lessons learned through the in-thc~ 
field testing of the grants projects. Final- 
ly, ad^Slional sources of information are 
included to help novice electricity pro> 
ducers ^$wer questions that will arise, 
and a glossary to explain some of the 
terms associated with the three technol- 
ogy areas, 



*'Many of the unforeseen 
pitfalls that must be over- 
come are not generally 
knom until a project of 



ALTERNATIVES 



RECO><SIDER . 



COST 

COMPARISONS 




CIfestyle 
"^considerations 

^ RUL€S AND" 
(2)^^ REQULATfONS 

^LOAD ^ 



REQUIREMENTS 



STORAGE OR / ' 

INTERCONNECTION''^ 



'RESOURCE 
AVAILABILITY 



AC OR nr. 



FK;IJRK I: Ten Prclimiiiiiry Considcrniioiis 



vSlep L 

IVfujf altematives art' available? 

Before con^sidering an elect ricily- 
producing system, it is iinponant to look 
flisi at iUtcniative^. Many individuals 
consitlcring a wind, hydro, or photovol- 
taic system iire anxious lo save money on 
their energy biHs So the first thing to 
consider is whether or not it will be more 
cost effective to use less energy raiher 
than generate more. Many energy- 
conserving applilmces are now avaHable 
which can cut electricity consumption by 
up to one-half of that used by your cur- 
rent appliiuices. Weatherizing and in- 
sulating yoilr home will also cut down on 
energy cof^nnption and cost inucli less in 
both time and money. Whether or not 
you decide to proceed with an electricity- 
producing system, conservation will help 
yon use energy more efficiently. 



Step 2. 

this system fit into your 
lifestyle? 

Although this question may seem in- 
consequential, in the end it could be the 
most important consideration. If you are 
unwilling to make a substantial invest- 
ment of lime maintaining and repairing a 
system, you should reconsider before 



proceeding further. As \wmy grantees 
cautioned, when you make the choio>^to 
yistall your own electricity-producing sys- 
^ teni. you are ^umhig the duties normal- 
ly provided by utility companies. As one 
grantee summed it up! 'Mt\s no longer as 
easy as turning on a switch.*' 

Step 3. 

What are the potential le^l 
and/or envj^nmental problems 
{onneQted with the system? 

l\nd out exactly what pennits are nec- 
essary to prMuce your own electiicily 
and become familiar with the conlplete 
arr)}y of regulations.^ For exajnple, if 
there are |*:oning ordinances prohibiting 
any striurture over 30 feci, and you are 
not able to obtain a variance, yon can 
probably dismiss a wind system. Or, rf 
you have a stream on your property but 
cmrt secure the water righ^ts» it's better to 
know before investing time and money in 
a hydro system. On^ grantee discovered, 
after installing a small hydro system^ that 
he could only operate eight months out of 
the year because of the systenrs j>otential 
impact on stream fish habitat. As he em- 
■phasized» it*s important to investigate 
every jx)tcniial restriction and regulation 
before proceeding. 



// 's no longer as easym turning on a switch. 



t 



A. . Step 4. 

How much electric 
. . you need? 



do 



Undersjanding exactly how muchxelec- 
tricity youl^mim^ yearly is important if 
you finally decide r(o iivl||il! ikri electricity- 
producing system. The b^si way lo deler- 
mine electricaJ consumption, or load, is 
to look at jH^wcr bills for the last year. 
The bills should Vindicate the number of 
kilowatt -hours^ur hou.sehold consumes 
every month. A year-round analysis of 
your p<weK jieeds is necessary l>ecause 
electricity consumption changes with the 
seasons, lor example, in the nonhem 
United States, n^st households ccvt^sinup 
more electricity durjng the winter 
months; in the .South, electrical consump- 
tlahS^^fteu greatest during the summer if' 
air cohditi«ners or fans aVc u.sed. If 
yoifre building a new hom^/and can'l 
refer to pastwowcr bills, you can estimate 
ylnir eonsunlbtion by making a list of all 
your electricaJNappliances. recording hQw 
much power Ih^require and the amount 
of time each is ud^d. Several of the gen- 
eral book.^ on the suggested reading list 
(Piui 111^ include such information for 
typical use patterns, ' 
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% Step 5. 

What are your resources? 

The im|:fertance of accurate and long- 
.tenn measurements of potential energy 
resources can*t be overemphasized. Fre- 
quently, systems have been installed with 
ii\sufficicnt energy resource data-^r no 
data at all— and the systems simply didn't 
l>erfonn to the owner's expect^ iDns. 

\ \TSi, check with state energy offices, 
local, state or federal weather bureaus, or 
even your local utility colnpan^ for any 
long-term data that is available for your 
site's vicinity. Next, unless data is already 
available for your specific site, be pre- 
piu^ed to invest at least a year in gathering 
the information youMI need. Then com- 
pare your data with long term dati\ col- 
lected nearby. This is lui important step 
for» as anyone who has observed the 
weather Will tell you» a single year's data 
may not be at all representative of what • 
yon, can cxpett on a long-temi basis. Cli- * 
-matic fliictuanons. even on an annual 



jivfiagcr liasis. ^aii he cVlftMUC and jl voii 
liiLsc voiir dciiSKiii 111 install a renewable 
rnriKV sysfi'in iin liijta iliiit is aivpural \o\\ 
coiikl Ik very disappouited It's also help 
tut lo talk lo anyone who is prodnciiig Ins 
or her tiwn powef in yiliir aiea, oi li> 
sorMCone v^'ho Is (annliai with wealhei 
conduioDS, in gel a CDinplcte undcistand 
i^g ot the u^t^oiines 

Step 6. 

Will you use Alfimadng 
h^^rrvnt (AC): Or Dirvct 

, . airrvht (IX:)? 

< . 

^ Tins ciui l>e ilie most t^oyhlesome ded 
sion you wjII nlake when planning yofl? 
eleeiriaty producing system. Tvcitoikt 



yon talk to abonl iho henellls ol one oi 
thevnhci will Jia»;-ililTereiit, and equally 
convincing. arguiTtcnts. One of the fac 
lois innuencing your decision is ihe dis 
lance between the generating lacility and 
the site M application. Direct current can 
be eitsily iransniilled over sliort distances, 
but over long distances for equivaleni 
l>4>N\4n generation, electrical losses are 
grealCT than with higher voltage AC 
Another factor lo consider is the conven 
ience and ex|>ense involved in actual 
ing Ihe electricity. Basically » the artftuiient 
can be settled like this: IX you're plSvmiing 
a home in a icniote site where no utility 
backup is available, plan to store excess 
clecincily in batteries, and plan to pow<;r 
liglfhi and small alliances', go/l)C. Many 
IX* appliances are availabi6s_such ^ 
those used in recrealixMial vehicles. An in 
verier, although (^|iensive, can be added 
to o|x-r.'ite Ihe appliances oiiiy available in 
AC . Go A(* if you are adding a system to 
an, existing home with utility service, or 
can produce electricity year round. 24 
hours a day and do not require battery 
• storage, a.s with some hydro systems. 
Another alternative is to use both AC 
and IX* electricity simuhaneously. One 
grantee \s^rcd his basement for DC and 
uses his small wind cliarger ^to power 
energy efficient DC iluorescent lights. As 
he expands liis battery bank, he plans to 
wire tlie upstairsH^r DC jiud add other 
IX: appliances. 

Step 7. : 

Storage and/or utility 
interconnection? 

While trying to resolve the question of 
whether to dcsigii a system U) use AC or 
V)i cUrciricity^ you will also need to de- 
cide how to provide storage and/or back- 
up electricity for the times v?hen your 
system isn't producing. Tlie options vary 
depending on the site, the technology, 
and the end-use of the electricity pro- 
duced. For example, one grantee who 
^ises wind to pump water provides storage 
by pumping the water into a tank for later 



use One sinidl hydro usi'i constructed a 
p4)nd loi eliectivc sloiajl<%But bii most 
crieigV luoduccrs. the optiiiifs come dmvn 
to using batteries ill iiiic-Konncciui^v\% Uh 

the utility. 

Inteiconnectioii piovetl to be the most 
populai c^ption with the grantees since it 
\^ avoids the ex|Knse and iriconvcmencc ol 
J baiteno (although an ex»HMisiv^ synchro 
nous inverter is required), and it ensuies 
^ ihat there will be electricity on doinand. 
'^However, interconnection docs h^^vc its . 
d'lsadvanlages. As one giantee iH)inied 
out, if the power company goes dowii|(a 
real possibility in some- locaiions). mtW 
systems also shut off. And unless you le^ 
ceive a reasonable buy back rate, iniei 
connection is less attractive, 

If you are considering utihty intei^con 
nection, it is imiHMativ(v tluif-you contact 



lH)ih your utility and piibhc service com 
mission caily |o! guidelihcs, icstrictions. 
and. yl eiiurse, the Iniv back laies before 
]iriKa->iiiig with Moxw svsieni (see rURPA 
Regulations) - 

Step 8. . 

What clectncity-producinff 
systerm arv available (hat match 
your electrical needs? > 

This IS the step where one grantee sug- 
gests you "read everything you cjjn gel 
yoiii hands on." Although a lew voca 
tional schools teach classes ui wind, 

hydro, oi ul>^^'o^'^^l****^''» "^^^^^ 
part, you will have to teach yourself the 
basics of homemade electricity. 

Ihe more you learn about the techn^l 
ogy's lii.stor7, development, and polen- 



; 'Read every thing you can get your hands on, ' ' 
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In 19/0. Cx)ngress parsed logislaliofi requu 
ing utilities to buy electricity irorn small jx)w(3r 
producers, or qualifying facilities as tlioy are 
called This legislatiori. entitled the !^jt)lic 
Utililia'^ f^egulatory f^^licies Acl (I'Ul^rA). 
has encouiagod thousands ol Amencans lo 
♦ become smalLpower producers 
''basically. Ihe legislation slates that a ulil 
ity must purchase power from a qualifying 
■^v^cilily (OF ) al tfw utility's "avoided rosi " 
The avoided cost is the amouni of money ttie 
utifity saves t)y not having lo geneiaie the 
same amount ol power As of May. I903.i^ 
^ivoided cosi fiad been deternimocWiy put^iic 
utility commissions, or Uieir equival^yil. in all 
but three states (Mississippi. Wesi IVirginia. 
and Wisconsin) f^ates range f^om 003 cents 
per kilowatt hour lo 9 9B cerVts.wuid some 
states mor^ for different sources of 
^x)wer But even with buy back rales estate 
lished. small power producers may still have 
to unler into negotiations with utilities lo de 
termin^laft^s for any long term contract 

Aside from your state energy office, whicti 
may help you get started, there^are two ba$ic 
* contacts for more information, it you are 
considering utility interconnection 



Public Utility Commlssloh {oi Its 
equivalent) 



I 



The utility commissions can 
started m the right direction, 
scene" for the transactions Ihajj will be lak 
ing place They also have copfes of the Pub 
lie Utility Comrmsion Rules lc)^URFVV"wilh 
,n your state whicii should be dne of tfie first 
things you read In addtlfon. some of the ques 
lions you should find answers to include 
1 Does PUPPA apply^ (In some utility 
districts, with cooperaUves for exam 
pie. PURPA may not qj^pP/ ) 
Wfiat IS the estatjiished buy bao-k rale'? 
^hal are ifie ulW^^l^bligalions, by 

law'? 

What contr^actual obligations 
necessary^ 1 
What are the*rhethods of dbpeaP 
Who has what responsiqjli^ in 
neooliations'? 



2 
3 



5 
6 



are 



the 
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Local UtIMty Company 

Since you will be negotiating with the util 
Ity. t^e sure to maintain a professional rela 
lionship wilh theni i^ecord all contacts made 
with tlie utility, inJ^yilmg dates, names of per 
^sons talked to. T^e informikion requested, 
and the .answers reci^ived because utilities 
hear from hundreds of potential power pro 
ducers. ttioy may Weat your initial inquiries 
as general in naluie Any serious request for 
inlormation should tie pu/m writing ah^ 
directed to Uie person wha can acl on that in 
formation And bo sure to request that tlie m ^ 
forrfialion you need Ik^ provided m writing ^ 
Oueslions you should have anwered early 
Ihe process include 

I Does the utility ha<^e any guidelines or 
handbooks for'power producers and. - 
if so. how can you obiain a copy? 
Who can speak for the company and 
has the authorily to sign contracts'? 
What period of til^e does the contract 
^cover'? ' 

4 Who can provtoe buy-back rates'? (To 
obtain buy-bacR>»4ftS may require a 
iofcnai written request, with at clear 
statement of what is required.) 
^ow long will it take the utility to pro 
vide this informaHon'? 
6 What meteringbptions are available'? 
/ What aVe the charges lor meters, in 
eluding charges for installation and 
monthly reading'? 
8 How muc^i insurance does the utility , 

require you to maintain'? 
9. What kind of equipment (invertots. 
locks, etc.) does the utility require lhat 
you purchase'? ' 
10 What drawings, schematic^r. andtor 
maps are required'? 

I I What provisi*s are there/Should* your 
system break down'? Can' they perma 

■ nently disconnect your system frorri 
the grid'? 

SorTie grantees experienced initial 
culties in establishing a relatidnship 
their local utility Find Cxut early whaJX^ in- 
volved, and how that will affect your elec- 
tricity-producing system and its economic 
potential, befote investing in the system 
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lial^ Ihc bcWn pieparcd yon will be to 
chT)osc a syslent thai will woik af voiir 
sixvifk \t\v Also, the luoic voii know 
aboil! the lechnology bcfoic laJking.to 
luafiyfaclurcrs or sales representatives, 
the more likely ^on will gefVhe answers 
yon are looking foi wlien /nvcstig?rtmg 
ttic system. 



Step. 9. 

How much does (he system 
cost? 



>1* 



II you've proceeded this fwf in The^ 
process, now is the time to sit down and 
add up the costs. Most maiiuractnrcrs or 
saJes representaUves should b^^able to 
givr you an estimated the costs involved 
if you arcyabV to give\theni an accurate 
assessment of the resources available, or 
where the equipment will be sited, and 
what your load will be. 

Although the initial costs of these sys- 
tems are liigh, the actual lifetinie costs 
may turn out to be quite reasonable. Per- 
forming a siinpUficd life-cycle cost analy- 
sis of the proposed system will help yo\] 
detenuine whether or not the system is a 
good investment. Take thf initial cost of 
the system (including installation costs, 
shipping, any legal fees that may l>e nec- 
essary, ao^ any other miscellaneous ex- 
lenses), add to that the estimated opera- 
tion, mamtenance and repair c^ts over 
the life x^f the system (including in- 
surance, taxes, fuiance charges if you 
have to borrow money for the system, 
and any other miscellaneous expenses)," 
subtract any federaLor ^ate tax credits 



that mtg^^i apply, and divide thaKfignrc 
by the (ifelime of ihe system IwcMUy 
years is a coiunion iLssiinip(uv;i loi ihc hie 
orr a s7srcm. although some c^iponcnts, 
like batteries, may have a five to ten year 
life. (Mam/faciurers should l>e able to 
prdvide you with more specific inforrha- 
tion.) This calculalioii will give you a 
loufeh cstuuate of how mucli ii^ will cosi 
you to operate your sy^itcm every year. 
Divide th^ number by the projected 
yearly output of your system in kilowatt- 
hours and you should haVe an idea of 
how much your electricity will cost per 
kilowatt-hour. 

Using this technique i\ is possible lo 
compare different systems, l-of^^iexample, 
how would a photovoltaic system com- 
pare with a wind system over twenty 
yefJhs? Or. if your house is a short dis- 
W^ice from the utility power lines, how 
would the cost of connecting with the 
utility compari with the alternatives? Of 
course, once yiu begin to compare aher- 
native systems with utility costs, the prob- 
lem becomes more complex. You know 
how much utility-generated electricity 
costs today, but how much will it coSt 
Y>morrow? How about twenty years from 
now when your system is still producing 
ifsing a renewable source of energy? To 
make a valid comparison, you need to 
figure an anm^al utility cost increase into 
your calculatioiv Using utility price in- 
creases for the last ten years, utility esti- 
mates of future price increases, standard 
projections, common sense, and intuition 
will*^all be helpful, but reiijember, you 
cannot make a msc investment in your 
energy future on intuition alone. If you 



aie uncertain about the figUK^s, seek help 
from a piofessional l( makes good stMise 
io oilcuhKe Ihc viabihly i)t !lns invest 
men! before making any purclutsv. 

Step 10- 

Reconsider Steps 1-9. 

^ If the costs seem too Ijigh, even over a 
long term, it's time to go hack to Step I. 
What are the available alfernaiives? Or, 
going back to Steps 2 and 4, are you will- 
ing to adjust your lifestyle to reduce 
your tieed for electricity ana thus the size 
of your system? Or, Step 8. have you 
overlooked other systems available that 
will meet your load and resource iieedsV 
It may be necessary to go through this 
process several times, evaluating dif- 
ferent resources, considering different * 
systems, or- adjusting your lifestyle or 
electricity consumption in order to find 
a system that meets your needs an<J fits 
your pock^tbooK.^ Or you may decide 
tl^at prpducingT^ur own power is sim- 
ply impractical ^and that conservation is 
the best investment. 

Whatever your final decision, it 
should be made with a realistic abpraisol 
of your finaiicial and time liniijations. 
The dedsion to produce your o4n elec- 
tricity should be inade>like aiij' other 
long-term investment: rSyopidly and 
comprehensively. ^^itl)out emotional 
bias, ^ 

\ 



vely. jH'itl)out emotior 



'1 



\ 



V 



er|c i 



JO 



TART II: 

TEQHNOLOQY 

REVIEW 



Mucfi has' been written on wind,, micro-hydro, and 
photovoltaic systems but little is available on ^wm it's like to ac- 
tually live with (he^ syst^rtis. Based on final reports and inter- 
>views \vith grantees, this section is an attempt to highligM the 
lessons iotmed in the field. Because eaqh technology has its own 
potential p/iftflems, each section is unique to that technology. 
But atl of the informdlion is based cm the day-to-day experiences 
of power producers^nd should be.ojf vaht^ to anyone consider- 
ing a similar system. \ :^ 



Technology Review: Wind 



''If the wind doesn't blow your hat off when pu/valk 
out the door, forget wind systems, * ' ^ 



WIND 





Wind n\iichmes, or wmdnnlh as (hey 
arv still often called, have played an 
miportant role in the electrification of 
America: f-^ven with the growth of utility 
cefnfmnies, which pro^>ided electricity to 
city dy^*llers, farmers still relied on the 
po\y^r of the wind to pump water and to 
provide a limited amount of electricity for 
their homes. In 1935, winjhnilLs began to 
disapiyear'^froni the American landscape 
as the Rural Electrification Administra- 
tion U^^A) helimi bring cheap, utility- 
generated electricity to rural residentsk- 

But as electricity prices have increased, 
Americans are again turning to wind 
power. And as the technoUygy advances, 
wind power in certain locations becomes 
more promising as a reliable source of 
electricity for both large-scale wind farm- 
ers umd the average homeowner. 

The key, of course, Ls the right loca- 
tion. Knowing the wind resources that are 
available— or not available—at your par- 
ticidar site will make the difference lye- 
tween having a successful wind- generated 
electrical system and just ''an exiyensive^ 
lawn ornament. " 



Rules and Regulations 
for Wind 



Federal regulations usually do not ap 
ply io home-sized, wind niachines. except 
in certain locations. For exiunplc, the 
Federal Aviation Administration (FAA) 
may have certain requirements if the wind 
system is built near an airport or if the 
proposed towtr rises over 200 feet. The 
Federal Communications Commission 
(FCC) would also have jTTrisdiction if the 
wind machine causes aiiy interference 
with radio or television reception. In ad- 
dition, if the tower is to be anchored 
' within the high water mark of a river, the 
Army Corps of Engineers will need to be 
consulted. i 
State and local regulaljons arc usually V 
. more important with wind niachina^Thc^ 
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* lirsi con.Mclcialion in urban and subniban 
iiica,s IS /()ninH A common icnOiinncni 
IS lha( lowns hr silrtl so dial \( lall. 
tJic^ will noi Jan J on a ncighboK prop 
criy Oiliof loail ir^iilalions Can prOhibii 
slniciuics over ocHani heights or laimrr 
lhal ihcy be approved by i\t\ archileclural 
boaij tor aesibdho siamlat Js Also, slate 
% rthd local elrctneal and bnikfjng codes 
will apply , * , 

Obviously, rcslncting a wind niaclnne^ 
lieighi attd placenieiK can serionsly affect 
lis peiforniaiicc s<i it's good to know be 
foie prixecdiiig if such regiilmions apply. 
Some grantees work(;d succes^lnily wiih 
local t)fncials to pbtain variances for their 
wind ni^iclHne^. others enlisted the sup 
lH)ri of neighbors to help change regiila 
nous that prevent the Optimum placement 
of a winit IiHver. * 

Evaluating ^}lie Wmd 

Mjuiy wind machine owners expressed]; 
disapponitnienl with tlitSfv systems 
iKcause they didn't adequq^ely merfsure 
the wind resources -available at tlic^ir site. 
One giani^ ciMiimented, /Mf the wind 
docsiri blow your \\^jfo{{ vvhen |j^n wi|lk - 
out the door, forg(?fwind systcnjs." Tms 
comnierii n/{fy be siniplistic; but it {{ocs 
reinforce the im(K)rta«ce orl^yg^jmg^'ou 
have siitlk'ieni resbOrces bef 
in a wind machine. ^ 

Some wind ex|>er(s recommend meiis-. 
iiring the winiiKe.sourc<;«rat your site for 
five years, otherj recommend three^j^i 
for file average homecVvviier, monitcJftng 
the wind s{>ced,s twice a day for one 
should l>e suOficieiit. However, vviiid, 
speeds (^>roi)e year can be off t 30 i>eV- 
ceni fronTnong term averages so these 
numbers should then he compared with 
wind da^i coiled eil at the nearest weather 
station. 

\\y comparing data collected at the site 
with long term data collected nearby, it is 
pos-sible to shorten the collection time. 
However, tlie l/ss yon know about the 
actual wind c/nditions ai the site, the 
more you leavt to chance whfn installing 
a system. Reiiembcr. too. ^ that wind 
measurements \hould be t^ken at each 
site l>eiiig considered and at a height com- 
parable^o the propo5ed tower. 

What constitutes a gbod site? The first 
criteria, of course, is ^e availability of 
adequate wind. It is, however, pivssible to 
have gixxl wind resources and a good 
machine and still not have a good site. 
Ideally, the wind machine should be 
placed as far'as possible (at least 300 leet) 
,3f>froni obstriictions that ciui slow or create 
turbulence in the path of the wind and/or 
at least 30 feet above any obstacle to max- 
imize the energy jKMential. 

How much wind is enough? One grant- 
ee recominencfs (hat winds average at 
least 12 niij^pcr hour before a wind 
system is ^isidered, while another 



recommends 11 miles |hm lioin. Ofic sf^o 
iMieigy officer recommends an aveiage 
wind S|xvd o\ \ \ t>i milt's pci hoiii As 
one etldrgy a)nsultaiit points out. average 
wiitd speeds are just ttuii. avera^^es be 
t\*:eri cxire-fties.. He lecommends having 
at least 12 to 18. miles pei hour "i)oweK 
winds" on a weekly tnisis if considering a 
wind sysieni 

Obviously the amount of wind nectletl 
is open to interpretjitioiji, and de|)ends on 
sixvifics siichCx^wind turbine design, 
energy us^, sAiraW^iequiVejiicnis. (he 
{y\K of machine. aiurHe cpst of tillenia 
tivcs. A good nile to r^l^embci when 
calculating th<^ f^otentiid ol y6u^ site is- 
that the /xMivrof the winct <.lir.ec> ^ 
p©rtional to the wind speed cubed. 

I'Xiuiiple. a 10 miles f>er hour wind (lOx 
IOxIO M(XX)) has 8 times more })owei 

Ah^iw a 5 miles per hour wiml (.5x5x5 



125). the higliei ihc wind Vccd. (he 
gicifter (he possil>iliry of geiiera(iiig 
nsal^K* ainv>nnis of clecJruKv A 2 o\ ^ 
miles |Ki hour dillercnce in wind speed 
can have a nuijoj/inipact on yoiii system's 
(UK put and oveffill efficiency. 

\Vin(f h^achine ^ 
ISkiirUenance ' ^ 

i ikcan automobile, wind juachines re- 
liinie R'fjulai maintenance, l^liis can be as 
loiituie as dunging the oil and greasing 
the ^wirings. Jo checking the braking 
iiiechainsm to \k sure it's functioning 
(Mopcrly. And then theie are the nncx 
l>et''ted repairs. As one grantee cauiioiWcf. 
"Renieinber, tliesQ are hea\7 machines, 
opeiatingat hij^h'speeds. and they're sub 
ject to damage. ''^ 

But unlike automobile, which can 



• ^"^Hemetnher, thek^ aYe heavy niachtnes, operating at 
• ; : jii^h speeds, and (hey >e subject to damage. " , 





t Ma^y farmers still rely on (he 
power4)f the win^^ pump 



mter. 



This 20'kilo watt wind turbine 
in Lincroft, New Jersey has 
been plagued with down- 
time. The owners of the ^ 
machine refer to it as a very 
beautiful hut very expensive 
lawn ornament. 
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The first critepon of a good wind site 
' the availability of wind. The wind 
machine should also be placed as far as 

* possible from obstructions and /or at least 
' 30 feet above any obstacle, 

f be taken to the shop, the^wind machine is 
perched atop a 40- to 100-foot tower 

• which can be very dangerous to work on. 
If you like to tinker Avith machines and 
are not afraid of heights, tWs cautionary 
note should not present problems. But 
non-mcchanical, land lovers should be 
prepared to spend money to hire trained 
personnel to maintaip^ fhe machine. As 
one ^intce pointed out, people under- 
standably charge a lot of money to climb 
wind towers when performing even rou- 
tine checks. 

Towers 

A main function of the tower is to posi- 
tion the wind machine in the path of the 
wind. Like wind machines, there is a vari- 
ety of towen to choose from and it pays 
to do your homework. It also pays to en- 
list the help of an e:i^pcrt in selecting and 
installing the tower. When investigating 
which tower to buy it will help to keep the 
following in mind: 

• Height, Remember, there is usually 
more win*tivailable at 100 feet than at 40 
feet, so a taller tower may be a better in- 
vestment than a larger wind n^j^ne. 
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fechanical land fovers may want to 
twice before investing in a wind * 



• AcceisihUity. Some towers arc de- 
signed jp be easily raised and lONvercd so 
that reJairs can be made at groimd level. 
This future ^lay be worth the added cost 
if you Ire reluctant to climb the tower. 
•StrJhgth. The tower must be designed 
tcw^thstand the severest wind ever 
recorded in your area, and then some. 
Just because winds haven't reached 100 
miles per hour in over 50 Vears doesn't 
mean it can't happen again. The tower 
should also be galvanized to prevent rust. 
•Safety consideraiions. Nothing attracts 
attention like a wind machine tower, so it 
should be fenced off to keep people, 
young and old, from climbing on it. It 
should also be grounded. Be sure these 
costs arc included when estimating the 
^"-«^verall economics of the system. 
^Manufacturer's recommendations, 
Oft«ft,^ind machine manufacturers 
recommend that their wind machines be 
installed on a certain kind of tower. In 
fact, sonie manufacturers won.'t guaran- 
tee their machine unless it is installed on 
an approved tower. . Be sure ta seriously 
consider a manufacturer's recommenda- 
tions before deciding on a different kind 
of tdwer. - 



Wind machine towers should be fenced 
off to keep people, young and old, from 
climbing on (hem. , 



Shopping for a Wir\d 
Machine ^ 

Because there are so many winc^ ma- 
chine designs available, and each appli- 
cation is so site specific, the mo^t impor- 
tant thing to do is to learn all you can by 
researching the various designs and talk- 
ing to as many wind machine ownefs as 
possible. Remember, you're planning jo 
invest thousands of dollars in a system 
that you expect to perform under certain 
conditions. Don't learn the hard way, by 
investing in a machine tj^at is inap- 
propriate for your needs. Learn all you 
can before investing. 

WJiile researching the various clesigns, 
also investigate different manufacturers 
an4 their products. General questions 
thai should be asked of all manufac- 
turers include: 

-How long has the company been in 
busitiess? While new, promising tech- 
nologies and companies should not be 
overlooked, their lack of experience 
should be weighed agaipst companies 
with successful track records. • 

What is the machine's warranty? Ob- 
viously, a company that stands behind 
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ilieir maclnne loi five years is |)iclci;iblc 
ro a conipany wiih a one ycai guaianiec. 
I wo ycai wairanlics slioiilil he iDiisui 
ered a ininiimiiii Also, is ilie i()inpaiiy 
bonded? ^ 

Wlia/ is I he macliinc's recorded down 
lime? Some mac I lines i>avc been known 
lo be down as much as 70 perceni ol ilie 
lime. . 

Is ilieie an ownci 's maiuiat or ironble- 
sliooiing guide and/or is (here someone 
nearby who is anihori/ed lo inamfain 
ihe machines? Ifnoi, be pi^^iared lo hve 
wiih downlime unless you're a good 
mechanic. If you're noi mechanically in 



dined, another imporiant question is 
whclher oi noi service coniracis aie 
available 

Are spaie paiis readily available? Waii 
ing for spiire parts can iiniii a ntachine's 
ouipui and ifs cosi-effeciiveness. 

Whai ait Ihe machine's <lesign sixTiH 
cations? Knowing i!ie wiifd macliineVs 
|K)\ver ouipni. survival wind S|>ced, ivpe 
ol control system, |>erlormaiR^ data, 
interface requirements, and- auxiliary 
electrical equipment- requirements will 
help you evaluate a potential machine. 

What are the names and addresses of 
individuals in yortr area who own siinJIar 



machines? As^one gramee commented, 
nothing sells ^a wind machine l)e(lei tlian 
someone who owus onr, ,nul is ha[>pv 
with It. 

One Tinal note When, and il. yon piii 
chase a wind machine (oi any other 
electricity producing system) ke<?p all 
your receipts and a lecord ol inainle 
nance and repairs. Mamtainiiig rhoiougli 
records will help it any problems shouki 
arise with the machine and, again like an 
automobile, they could l)e invalual)le 
should you ever want to sell the syslem. 




The system. 



Klin/man's syslem includes an eight - 
bladed, iwin-roior wind generator, 
mounied on a 1 inch sifel pipe mast. The 
mast is implanted in the concrete garag^ 
Hoor and extends a total of 50 feet in the 
air. The mast is secured with a lour-point 
guying sysigii (Figure 2). 

rhe grantee designed his wind system 
to allow for both utility interconnection 
and battery storage backup. When the 
syslem is producing more than hisJiouse- 
hold requires, excess electricity is sold to 
the utility. When the wind dies down and 
the syslem is no longer producing, Klin/- 
man draws from the ten-8attery storage 
system which is connected to a DC-to AC 
inverter. Klinzman estimates that with 
conservative use, the batteries can pro- 
vide five days of electricity. 

Problems encountered. 

When Klinzm^i designed his wind 
system he pimmeck for all contingencies 
except one: time (o cDmpiy with all regu; 
laiions. From the initial designing of 'the . 
system to the final interconnection with 
the mility it took two years for the system 
to come on line. 

The greatest delays came in complying 
with all the nece.ssary permits required to 
operate a wmd system. The grantee's first 
application for a building p^m\i\ was re- 
jeued due to a local plannittg regulation 
prohibiting wind systems ()n all lands 



other than agricultural. This rule could be 
waived by applying for a **special excep- 
tion*' which required a new survey of his 
property, a list of all property owners 
within 300 feet, maps and drawings of the 
system, and four public town meetings. 
The additional cost of this procedure in 
eluded a review^nd signature of his 
drawings by a professional engineer, a 
$120 f>e for a new survey, aAd a $100 Ice 
for an issuance of the sjK^cial exception. 

In addition to the s|^>ecial exception, a 
variance was required, to allows the tovv^r 
to exceed 35 feet in height. The variance 
required the same documentation as the 
sj>ecial exception. The grantee also had to 
prove that the tower would withstand 



winds of 120 miles |>er hour and, if it did 
fair, that it would land on his properly. 
To meet these requirements, the sy.s{eiii 
was redesigned and additional drawings 
were presented for approval. Costs in- 
cluded a $50 fee for the variance, a $35 
fee for the building permit, and a $60 fee 
for the engineering survey. The grantee 
could have avoided redesign costs had he 
fully explored the permit system before 
t>eginning. 

Once the local pemiits were acquired, 
Klinzman began negotiations with the 
local utility. Again, the process was more 
time-consuming and costly than antici- 
pated. Drawings had to l>c approved by 
an electrical engineer (a $250 fee), the 



Klinzman 's wind machine stands as a constant reminder that 
wind systems are possible in residential neighborhoods. 
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system liail (o approved by I he couiuy 
am) sliowii lo mcri code (elccmcal per 
iiiK $20). iind llic giftiilcc had \o add 
$3(X).(XK) hahihiy covciagc io his home 
owner's insurance, hi addilion. the utihty 
company required the installation of a 
sfxrcial meter and lock (at a cost of $100). 

Because the grantee plans to sell elec- 
tnciiy he is classified as a private utility by 
the Internal Revenue .Service, and there- 



foic any income from elccincity sides 
must be declared. l ot that reason, Klin/ 
man IS h)bbying the public senice com 
niivsion and Ins utility to accept a single 
mH^rnng system. A meter thai runs back 
wards when Klinzman is feeding surplus 
elccincity into the utility grid would seive 
a two fold purpose: the grantee would no 
longer be considered a seller of elect ncity 
and the monthly charge foi the utility lo 
read his extra meter would be eliminated 



Special exception 

BuikUng pemEpit 
liiifiiieffiiii sMrv«y 
Enfin^effinf ^pprpval 

BlecidcfJperiii^t 
Survey > 
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yvtui MaMmt m4 Tower y-r^^:!^0yM^ 
Reinfofdngrod 



Zinc pitnter 
Hardwire. , ■: 

Pipe and ^i^intl . ; , . 
Ctooorte tod jpumpfct *er^ 
Machinfaif ind w<?fclin( ^ 
Wind spe^ !i>dk»ton ■ 
Wire .- • . 

Wood . . 

Roof fluhini arputtd iput ^ 
Wire ctutips and shackles 
Wind generator 
- Labor and frwteiUds 



lONtterie* • WO «MJi!;%::;\^^§t^:|^ 

Electrical equipment ^ > ^^n^lg^ 
Welding-., .vv.- . ^-'- y'-i 
yoiia«e jen»r'aiid..r«»i^ tv< y'^jjM^- 
Syncfnbnpiu ipv^er.' . ' 

Utility meter* wd teck ' . i 

SwitcHiiii«d<^I-.:"^2.;^^lfM 




"If you con afford it, it 
makes a lot more ^se to 
have the system installed. 
It will save you a lot of 
frustration," 



Grantee recommendations. 

1. Use utility interconnection as your 
storage system. Unjess a residence is lo- 
cated in an isolated area without utility 
service, Klinzman does not recommend 
battery storage. Interconnection saves the 
cost of the batteries and the bother of- 
mainiaining them,' 

2. Investigate'^ metering options, Ifutil 
ity interconnection is being considered, 
Tirst investigate all of the metering op 



tions available. Some^ije ilefinitcly more 
cost effective than otheis 

3, hivestigate eqmpmeni aiul ei|uip 
mcni^manulactuu'is Allho\jj:.h ihc ^}m\\ 
ee's niachine is working well, the manu 
faciurer hits not responded to specihc 
questions about the machine, ihciefoie 
maintenance and rcpaii seivice might be 
difficult lo obtain. The giaiitee also had 
tiouble with a DC to inverter which 
reportedly blew out his television, TV 
cable converters, ajul microwave oven. 
I hese problems may have been avoided 
with more research into the equii)ment. 

4, Be prepared for lengthy delays, 
both' in the permitting process and in 
equipment dehvery. 

5, If possible, have the wind system 
professionally designed and installed. In- 
Ibrmation on various systems is often 
unavailable which means that the novice 
will have to spend considerable lime in 
tracking down* the necessary resources. 
*'lf you can Gilford it, it makes a lot more ^ 
sense to have the system installed. It will 
.save you a lot of frustration/* according 
to Klin/man. 



FICDRF 2: Klin/man's System 
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Klinzman's system includes a synchronous inverter for utility interconnection and a ten battery storage system for back-up power. 




The folfovTfftg^re selected gram projects from the DOE AT Small 
Grants Program relating to wind systems 

Vjc's Mobil Arc. Inc DOE Contract No DE-FG48-80R801398 

Lafayette. CO - ATMIS ID. CO-00-012 

A utility interconnected wind machine was designed and con 
structed by the grantee The grantee estimates that the wind ma 
chine provides at least one half of his household s annual electrical 
needs and all of his electricity in the winter 

Granby 4 H Club DOE Contract No DE-FG41-80R1 10365 

Granby. CT ATMIS ID CT-80-007 

The grantee installed a small wind generator as part of a demon 
stration project on renewable energy technologies In spite of a good 
location and a 100-foot tower, the grantee concluded that the wind 
potential at the site is not adequate 

DavKj Racine DOE Contract No DE-FG43-79R306052 ' 

Rehoboth Beach. DE ATMIS ID: DE~79-006 

A small wind ele&tnc generator was installed at the grantee's 
home to provide radiant electric space healing The grantee reported 
problen^s with machine noise and machine maintenance He recom 
men0s passive and active solar heating as a cost-effectiv6 alternative 



DOE Contract No DE-FG02-79R510109 
ATMIS ID. IL-79-010 



Evanston Environmental 

Association 
Evanston, IL 

A 4 kilowatt wind generator was installed to test wind machines in 
urban environments Power is sold directly to the local utility An edu 
cational program was also implemented 
1 

Donald Fluhrer DOE Contract No. DE-FG47-80R701 107 

Charles City. I A ATMIS ID. IA-80~008 

The grantee installed a 10 kilowatt. AC wind generator , on a 
lOO foot. fold-down tower to circulate hot Water to several farm build- 
ings In 18 months the system generated 20.879 kilowatt hours of 
electricity, of which 9.737 were fed to the utility 



Josyth Mills DOE Contract No DE FG43~81R308068 

Jarrettsville. MD ATMIS ID MD-81 -007 

A wind machine was installed to heat water In conjunction with a 
solar hot water heater. Excess power is fed to the local utility Several 
problems with the wind machine were encountered 

Edward Johanson DOE Contract No DE-FG41-86ri 1041 1 

Andover. MA ATMIS ID: MA-80-017 

A wind machine was installed on a 98-foot tower at the grantee s 
home. Desprte the tower's height, the JIurbulence caused by nearby 
trees resulted in less than anticipated power production The grantee 
recommends that an anemometer, be installed at potential sites and 
atJhe proposed height of Vie wind machine for at least a year 

David Amon DOE Contract No. De-FG02-80R5 10226 

Williamsburg. Mf * ATMIS ID: MI-80-004 
^ A 20-kilowatt wind turbine was installed at the grantee's ctierry or- 
chard The system is connected to the local utility and is currently 
being monitored for power production The grantee estimates pro- 
duction of 20.000 kilowatts a year. 

Thomas Griffin DOE Coritract No DE-FG02-79R510134 

Cannon Falls. MN ATMIS ID: MN-79-006 

A 10-kiIowatt wind generator was installed on a Minnesota farm 
Data was collected on system operation and power production 

James Miller DOE Contract No DE-FG47-80R701 1 72 

Kearney. NE ATMIS ID: NE-80-008 

A wind machine to provide radiant electric back up heat and 
lighting was installed in a passive solar home. Tfie grantee reported 
problems with utility interconnection agreements and concluded that 
unless a person can use all the power produced, when it's produced, 
a wind system is not economionl. * 
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This 4 kilowatt wmd generator in Kvan.sfon, Illinois was installed 
to prove (hat wind machines eon operate in urban environments. 



WIND PROJECTS Continued 



DDI ConticKl No Dl ( CvK' /OM.MlSOS/ 
A] MIS ID NJ 79 0?3 



MofifiiouUi Museum tind 

Cultural Center 
I uicfOlt. NJ 

A ?() kilowatt wrnd iurt)in() was u^stiillcd t)y the gianlees Low towor 
height (40 toet). poor silii^g^and oxcossive dowrUuiu* hav(» con 
IntHJtotl 10 Iho aiacturio sji^i^r power piodu(:lioii 

Willard r«io,KJs nOF CorUract No lU W.A? 79n:^()SO'l 1 

nodiestpr NY ATMISlDNY /9 006 

Iho granteo (JesrgruHJ and construiMt^d n i:.^ kilowatt wmd rnachim^ 
which was .nstallod at lus home Ihe pio|OCt^siqn ifujudos a largo 
tiattery bank lor stoiage ] 

W niioti WhitesKles DOt: Conliacl No' BOFMiO?!? 

hficoln NC ArMIS NC 80-001 

A direct cuf font wind generator was designed and installed to pio 
vide sut)|)lernental ^K)wer to-Tfie giantee s home Ihe system includes 
hoavY^luty commercial batte/ies tor stor.ige 

Raymond Miller OOF Contract No Of I GO^ /gnsiOH/ 

Cincinnali.Ul. ATMISiD OH 79 OH 

The grantee installed a 4 kilowatt wind machiru? on a bO loot 
loldmg tower to supply power to a residtnice fxcess power is led to 
the local utility The wind machine has experienced considerable 
downtime 



' Kohnng ' OOh Contract No OF - F GO'^ 80RM024^ 

Hamilton OH ATMISID OH -BO 001 

A utility interconnected. 1 B kilowatt wind machine was installed at 
ttm grantees larm The machine produced a net of 4S0 kilowatt 
hours over a 14 month period, with winds averaging tniles per 
hour The grantee stresses the importance ol collecting suIIickhiI 
wind data 

lerry Rosenthal DOt Contract No Dr TG43 79R306U)4 

iouisa.VA . ATMISID VA 79 003 

A wind powered irrigation system was installed on the grantee 
larm with excess energy sold to the local utility A zoning variance 
was required to construct the tower and the wind maciime has been 
subiect to vandalism. 



Call Blown DOl. Contract No Or rG4B -8^808004 

Casper. WY ATMISID WY- 80-000 

Th^ gianteo installed a IbOO watt wind machine which is intercon 
nocted witli the k)cal utility In spitt? of wind speeds averaging over 13 
miles ^>er houi. the grantee doubts lliat his wirul rnaclime is 
economical 



DOL Contract No Dt -KGb1 
ATMISID WA -79-011 



■79R000070 



White Mountain 
CxK)perative 
Wauconda. WA 

Ten horizontal axis wind machines were installed and tested at 
various sites m a small community Twelve-volt deep cycle batteries 
were used lor electrical storage 

12 



DOf: Contract No DC rG48 81R808001 
AIMISID WY 80 002 



Roger l^^terson and 

and Josephine f\)rter 
Cheyenne. WY 

A wind energy system was design(Hl and install(>d lor a passive 
solar house m nn oll-grid location Btnuause ol maintenance prot)UMiis 
with the wind machine, the grantee plans to expand his systcnn usmg 
photovoltaics 
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MICRO-HYDRO 



Rules and Regulations for 
Micro- Hvdro 



Technology Review: Hydro' 



Flowing and falling wafer ix one of (he 
world oldest an(J mau common sources 
of energv. A( (he turn t)f (he cen(ury 
, hy^lro facilities accounted Jor more than 
half of (ill electricity being generated in 
the Unite<i States. Although this f}en.ent 
age has fallen off considerably, the inter 
est in hydro potential Ls still very much 
alive. 

This interest Ls particularly great in 
"micro'* hydro systems (hat produce up 
to 100 kilowa((s of elec(nci(y and esf}e 
cially (hcxse (ha( use high-head, low-flow 
s( reams. For indlviduab who are y or- 
(una(e (o have s(reanis flowing through 
(heir pno/}er(y, hydro sys(erri^ can be an 
economical and e^fftciem source of elec- 
(rici(y, of (en providing all of the house- 
hold 's elec(ncal needs. Micro-hydro 
sys(ems con lye designed to ft( a wide 
vane(y of s(rearns from a fas(-moving 
creek (o a lazy» meandering river and in 
many ins(ances, stream disrupdon due (o 
a micro- hydro ins(alla(ion w minimaL 
However, as more and more small hydro 
sys(enK are cons(ruc(ed, fish and wildlife 
agencies are examining (heir po(en(ial 
cumuladve impac( on a s(ream 's habi(a(. 




A ((he (um of the century hydro facilities act^nted for mart 
(han halfofall elec(rici(y hemg generated in (he United Sta(es. 
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Jusi because you live adjacent to a 
stream or river doesn't neces.sarily ineaii 
yon have the right to dajii it up, diven it. 
or even use the water in any form, F-or 
unhkc the wind, which is relatively free 
for ^lle taking, water is protected by many 
mlcs and rcgnlations thai either limit or 
prohibit its use. Obviously, it's im|X)rtant 
to know which regulations apply before 
^investing in a micro-hydro syslcnL 

The I'cderal Hnergy Regulatory Com 
mission (FERC) issues licenses for ail 
non-federal hydroelectric projects regard- 
less of^izc if: 1) they are on federal land; 
2) they use water stored behind govern- 
menl dams; 3) they affect navigable 
waters; or 4) they affect interstate com- 
merce (which would include any utility- 
iiitercoimectcd system). This covers most 
potential sites. It nonnally takes 10 to 13 
months to obtain a license from the 
ITiRC. despite a short application form 
available for projects under 5000 
kilowatts. Add an additional year if a^i 
cnviroimiental impact statement is re- 
quired. 

Exemption from fERC licensing is 
available under certain conditions for 
systems under 100 kilowatts. For exam- 
ple, if your site is located on private land^ 
uses an irrigation canal or a stream that lis 
not consid^frcd navTgable, and all power 
produced will be consumed on site, it may 
- be possible to' receive an exemption. For 
further infonnalion, study the FERC 
publication, Applicadon Procedures for 
Hydropower Licenses (see Part III. Re- 
sources for full citation). 

If your project includes a dam or re- 
quires any riverbed dredging, it may re- 
quire a permit from the Army Corps of 
Engineers. Also, if any of the project 
crosses federal land, additional permits 
will be required. \^ 

Several different state and local agen- 
cies may also have jurisdiction over a 
micro-hydro project, ranging from envi- 
ronmental and fish and wildlife agencies, 
to state historical societies, to^local build- 
ing or zoning commissions. In Massachu- 
setts, for example, & large number of 
agencies may have jurisdiction over 
micro-hydro projects including: the 
Mas^husetts Environmental Protection 
Act Unit; local conservation commis- 
sions; the various divisions of the Depart- 
ment of Environmental Quality, in- 
cluding Wetlands, Waterways, and Water 
Pollution Control; the Department of 
Enviro|imental Mafiagement; the Mas- 
sachusetts Historical Commission (to 
protect historical and cultural rcsoifrccs); 
the Massachusetts Department of Fisher- 
ies, Wildlife and Recreational Vehicles; 
the Office of Coastal Zone Management; 
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anil even the Dcpafiment of l ooil anil ' 
Agricullurc. 

Obvioiislv. even a sirjnil liyclio piojcd 
uiii uivoKc substantiid. Ma)c coiisuiniiig 
paper work, so it\s best 10 jiart carljuind 
plan foi |H>(cn(ial delays. Qne graritce 
nuuntains that had he understotxl the 
complexities of the perrnittnig system he 
"might not have undertaken the project 
at all." He recommends planning on at 
least two years to process the necessary 
l^rinits. although he believeii that '*tbese 
prtKcsscs can be streamlined as more ex 
periencc is gained on the pKrt ol' govern 
menl agencies." ^ 

Evaluating the Micro- 
Hydro Resources 

The power pro<luction capability of 
any hydro system relies On two essential 
variables: 1) flow, the volume of water 
available in the streamt^d (usually meas 
Hral in cubic icet per second), and 2) 
head, the vertical distance the ^.water 
drops (measured in feet). 

tloH\ Unless your potential site is on a 
stream or river where accurate flow 
records have been recorded by the U.S. 
Geological Survey (USGS) or a local 
agency » you should plan on spending a 
gtxx! deal of time measuring the strcatn's 
flow. Measuring flow once a week for an 
entire year is not unreasonable consider- 
ing the size of the j>otcntial investment 
and the system's expected |>crfomiaiicc. 
During this time you need to assess the 
quality and quantity of the stream's flow, 
the duration of high and low water, and 
the stream*s dependable average flow. 

But even after a year, additional infor- 
mation will be neede<J. One grantee meas- 
ured his streain*s average flow at 6 to 8 
cubic feet per second, constructed ^ 
system, and has since had two consecu- 
tive years with stream flows averaging 3_ 
to 4 cubic feet per second. So once the*" 
measurements are taken it's important to 
find out whether you measured during a 
wet year or a dry one. To find out, con- 
tact the USGS or local monitoring agen- 
cies for long-term flow rates for a nearby 
stream or river and compare your figures 
wi4h theirs. For example, if the nearby 
stream was 30 percent below average for 
the year you measured, chances arc your 
stream was also approximately 30 percent 
below its lonVlcmi average. Using long- 
term data for a nearby stream will also 
enable you to identify high and low water 
trends which, will give you some idea of 
what to expect in the long term. 

If strean) flow data is unavailable for 
nearby streams, talk to as many people as 
possible who are familiar with the stream 
to find out how high it has bccnover the 
years and, just as important, nbw .low. 
The more you know about the long-term 
characteristics of the stream, the better 



etpnpiKd YOU will Ik to design an dice . 
tivc micro liydjo sy^cm 

ffnui. Vou alsu nml an ai i male 
assessment ol liow far the walci d!i)()s 
vertically between the souice ol colleclion 
and the turbif^ site. Tins can be demo 
using lopogiai*ical maps, photographic 
surveying lecbiniqucs, or an altuiiclei but 
in most cases these tools will only puniilc 
you with ^1 prehmiiiary estimate. l ot an 
accurate assessment of the head, survey 
ing equipment shoulJf be uvccl. Unless^ 
you know how to use this equipment, it is 
a gocKl idea to hire a surveyor. 

Net heoii. Whenever pi|H' is used to 
transpi^rt water, some head lo^cs occur. 
A common mistake is to cftlier underesti- 
mate or ignore these. losses, resulting in a 
hydro system that is improperly sized. 
Any reputable pipe manufacturer or sup 
plier will be able to provide you with the 
pipe sizes and friction loss information 
for ' your particuliu^ flow conditions. 
Don't forget to account for these head 
losses (including losses from pipe bends 
auid valves) when sizing your system. 

Maintenance of a Micro- 
Hydro System 

If the intake structure is properly de- 
signed, sediment settles out before enter- 
ing the system^ The trash rack is designed 
to screen out leaves, rbcks, and other 
debris, reducing system maintenance to a 
minimum. Still, like any mechanical 
device, the turbine should be kept clean 
and the shafts and bearings lubricated ac- 
cording to the manufacturer's recommen- 
dations. The mechanical system should 
also be routinely checked for signs of 
unusual movement or wear. 

Whenever^ipe is used to transport water, 
some Jiead losses occur. A common mis- 
take is to either underestimate or ignore 
these iosses^ resulting in a hydro system 
that is improperly sized, i 



Weathei and seasonal changes can also 
ailed system mainlcnaiKT Koutine 
scasi>iial tasks niclude cleamng debris 
liom Ihe liash \\\<V dunn^*. (he sjinn^.' 
lunolT, eleimng leaves !u>m Ihe laek in 
ihe lall, and clearing ice in the wniter to 
prevent blockage ol the intake ^ 

Dams and Impoundments 

(icncrally s|)eaking. a niicio hydro 
project will be easier to construct and 
obtain permits lor if sneam disruption is 
kepi to a minimum Many successful 
small hydro systems avoid using dams, 
an^ instead take advantage of natural 
pools or backwaters for siting the intake 
structure. Others have ma.\iini/ed the 
usefulness of natural pools by adding a 
simple diversion. - ^ 

But in some instances small dams will 
be necessary to mitximize head or to pro 
vide storage. A word' of warning, how- 
ever. There is more to building a dam 
than piling up a wall of rOck. One 8*^^"^;^ 
ec. for example, chose a rock-crib dani"*^ 
because he assumed it would be in- 
expensive and easy to construct. As it 
turned out the process was Extremely 
labor intensive and time consuming. In 
retrospect the grantee reported he would 
opt for a concrete dam, in spite of the' 
extra cost. 



''These processes can be 
streatnlified as more 
experience is gained on the 
part of government 



agencies. 



Routine seasonal tasks include cleaning 
debris from the trash rack. 
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Mark Dmbick 
Oiford, NH 

DOE Contract No. 
' DE-F041-80RU0382 
A TMIS ID: NH-80-008 



Mark Drabkk, owner of Homestead Energy Systems, Inc., 
has joined the growing number of individuals and small 
businesses that are successfully developing small hydro sites. 
f^With his background in small energy development, Drabkk 
* understood and followed all the proper steps, from accurately 
measuring his stream's head and flow to filing for the proper 
perntits, but for various reasons he still experienced cosily 
delays. Despite the setbacks, however, Drqbick maintains that 
with ^proper planning and understanding of the resources at 
Hand, a successful micro-hydro system can be installed 'with 
minimal problems, resulting in a system that will^be alniost 
^ maintenance free., \ 
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The system. ^ 

Drabick's system consists of a 
4.75 inch Pclton wheel Uirhine, dircVll/ 
riiounted to a ^ 500- watt induction gencr 
aior. Both are housed in an 8- by 12-fpot 
wooden shed. Water is fed into the 
system through a 4-inch diameter WC 
pipe, or penstock, which is buried 
underground 2 to 3 feet. The water 
Hows a distance of 1700 leet from a first 
intake, and a second intake was added 
1700 feet from the first intake to test the 
difference in power production. Ik>ih in- 
takes are covered with wire mesh to keep 
debris out of the system. When water 
reaches the turbine it flows into two 
2 inch nozzle feed pipes from where it is 
c^irecied to the '/z inch no/zles. Depend- 
hig on the brook's rate of flow, the. 
water can be directed to either one noz- 
zle only or it can be split and directed to 
two nozzles, almost doubling the sys- 
tem \s production (Mgure 3). 

Problems encountered. 

Drabick ordered his [>cnstock in Oc- 
tober. 1980. l-Xpccting delivery in early 
Noveml>er, he began excavating the 
tr6nclK Within four days of completing 
the excavation, (he penstock materials 
arrived, but without (he needed ^Ibows 
to make the connections. While waiting 
for (he connectors, Drabick began to 
work on the (urbijie house which was 
comple(ed December I. On December 2, 
tht penstock elbows final^' arrived, but 
they were too la(e; (he trench was , 
snowed in. At (his poin( all he could do 
was wai( for spring. 

Unfortuna(ej>t^ when spring arrived, 
the trencU-'V^^as destroyed. "Wha( was 
once a smoo(h, loam-filled (rcnch was 
now a washed-out, rock-filled chasm,** 
Drabick reported. 

Lining the trench with hay to protect 
the pipe and removing the large rocks 
and boulders 'by hand took several 
iiK>n(hs. Laying the pipe took additional 
tfme as erosion ate away at the pipe 
bedding. 

/ 



With so many hours already invested. 
Drabick hired a bulldozer to do the 
backfilling. It started at the turbine 
hou,se ind worked its way up the hill. 
Halfwal up it got bogged down in 
swampy ground, tried to free itself, and 
crushed several pieces of the pip^n the 
meantime, winter had once agaiiWettled 
in so repairs wefe delayed. 

In the spring, a 15-foot 'path was 
clearcut around the swampy section of 
land to permit access to the site for the 
bulldozer. Although the bulldozer still 
had trouble, the new trail and an unusu- 
ally dry spring made the job easier. The 
excavation work was finally completed, 
two years after the project had begun. 

Drabick *s original design called for a 
9-i*h diameter Pelton wheel to belt-drive 
a 2250-watt generator. During the excava- 
tion delay of 1981-82, the grantee installed 
a temporary intake structure and tested the 
systcm"s efficiency using several different 
nozzle sizx^s. T he system worked, but n^vei 
reachetl efficiencfc above 35 (xrrcent . 
There are several theories to account for 
the system's inefficient perfonnance in- 

. FI(;iJRK3: Drabick *s^Syst em 



eluding: the generator ;uid/or the turbine 
were too large for the available stream 
(low; the nozy.les were irnproixrrly de- 
signed; or the system efficiency over- 
stated by (he manufacturer. 

Not satisfied with the performance, 
Drabick used the delay to design, build, 
and install a new, .smaller turbine and 
generator. The new sy.steni hiis now been 
on line for more than a year, with ^ re- 
corded waie|iio-wire efficiencies of up to 
50 jxrrcent. 

Initially Drabick 's utility interface situ- 
ation was also problematic. Tho estab- 
lished buy-back rate in Nlew Hampshire is 
7.7C per kilowatt-hour which Drabick as- 
sumed he would be paid. However, the 
grantee's local utility, a cooj>erative, has 
no generating capacity of its own and 
buys all of its power. Therefore, they are 
obligated oifly to buy power at their 
avoided cost, which was around 3.5C to 
4.5<r per kllowatt-hour in 1981. The two 
parties consithered several options: 

Option !. The co-op would (rjuisport 
the power through their lines from the 
grantee's generator to the co-op's |>ower 
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supplier. The CO op would not charge for 
this service, and the'.^coiid utility would 
buy Diabick's power ml 1^ |>er kilowatt 
hour. However, this anaiigeinent re 
quircil an ex|>ensivc magnetic tape meter 
ing system. ^ 

Option 2. The co-op woirtd buy x\S\ the 
power for 4C a kilowatt hour. 

Option 3. The co-op would allow "ncSj^ 
energy billing," which means that the 
grantee's meter runs forward when he's 
using tlie co-op's electricity an(J back- 
wards when he's feeding excess electricity 
to the co-op. With this arrangement, the 
co-op docs not pay for any surplus elcc 
tricity it receives- The co-op and Drabick 
settled on this option. 

Grantee Recommendations. 



The grantee sums up rfis experiences 
this way, * 'After two years of hard work, 
Homestead Energy 5ystems», Inc. finally 
has an operating micro-hydroelectric 
plant that it is pleased with. However, 
getting Uiere wasn't easy." From his ex- 
perience. Drabick makes the following 
recommendations: ^ 

7. Before investing in any hydro proj- 
ect, individuals should Thoroughly inves- 
tigate site hydrology^ topography and ac- 
cessibility, soil composition, boundary 
lines, water rights, permits required, local 
weather problems, financing, and avail- 
ability of equipment. 



'\After two years of hard 
work, Homestead Energy^ 
Systems, Inc. finally has 
an operating micro- 
hydroelectric plant that it 
is pleased with. However, 
getting there wasn 7 easy. ' 



2. Read everything you can find on the 
subject and talk to someone who hits 
done it to sec what's involved. There's 
nothing like experience to help you avoid 
Mostly mistakes. 

3. Always place your intake structure 
and turbine house to maximize head. As 
the grantee explains, **Every inch counts. 
We gave up 30 feet to make our turbine 
house more accessible- Now wish we 
had developed that extra 30 feet/' 

4. Make maximum use of your re- 
sources. Drabick designed his system tx> 
rim year round and provide base load 
power. But, as he points out. $15,000 is a 
large investment for%ase load power. For 



$2O»000, lie could have had a wstein 
capable of producing five times as much 
clectricitv» ^veii though it would not be 
()|>ciahle Juiuig (lie suiiiiivci 

5. Si/.e your j>enstock accuiatcly. I nc 
tion loss through the pi|X* can be devas- 
tating to any hydro project Drabick 
estimates his system loses olily 2 to 9 feet 
of head depending on How. On low head 

. systems a los.s ot even a lew inches will 
result in a loss of power. 

6. And finally, remember these 
systems can be expensive. But, according 
to Drabick, if you do your homework, 
and do it right, you will be rewarded 



TurtHne 
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"What was once a srrigioth, loam-filled trench wasno\r 
a washed-out, rock-filled chasm. 
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TJi^grttniee clears debris from the trash rack 



0 




Drabick 's system consists of a 4.'?5'inch Pelton whee^ turbine, 
directly mounted to a 1 500- watt in<mction generator. 
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Iho following are solecUnJ gran! proiocts froin ttie DOt A] Sfnall 
Ciiiuils Program relating to micro hydro systems 

BoU)y Kennedy OOE^onlrucl No Dt. f ChM l 104 /a 

Guulorsvillo. AL AT MIS ID AL pi CH) ! 

A Pollon ly^>e impulse turbine wilfi a SfX^od res(:>or)S)ve governoi 
was^designod and constructed l)y trie grantee A general booklet on 
micro hydro powet was also produced 

David Inouyo DOf Contract No 1)1 -FG4a*"?9Ma00434 

Crested Ekjllo. CO AT MIS ID CO - 79 OOf) 

A small scale, hydroelectric power plant was conslruclnd at tire 
F^ocky Mountain Biological Laboratory using equipnienl purchased 
from various manufacturers The plant uses a walor source thai also 
suf^pMei domestic water ^supply for the laboratory to power a Pelton^ 
wheel lilrbine A maximum of 7 f) kilowatts can be generated, supply 
ing electricity to the laboratory's dining hall for space fieal. cooking, 
and hot water 
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Neil Seit/ DOf Contract No QfE -FCfta-aORaOlOOf) 

Villa Grove. CO ATMISID CO 80 (fl3 

A :U) kilowatt Pelton lurbiae niicro hydro power systam was in 
stalled on a stream near Vill^ Grove. CO The installed system cost 
was around S2 3/ per peak watt Aniong the prot?tems encountered 
dufipfl the fvojeci were pipe failure, a hertzmeter that failed immedi 
alely. and a loud Pplton wheel that was-niulfled by instaljing a^piece of 
steel to sofl(^ 1he impact of the water ' 

Verne Troslle DOE Contract Nor-Bt FG03 /aR90l942 

MoloJ^ai. HI AfMISiD Hl-7d 012 

installed a small hydroeleolrig system at his remote 
farnf^n the island of Molokai. HI WJile/ Ir^m a spr^gjed pond is 
jCtiannelled through 2.0C)0 feet of If/? inch iWc pipe Water passes 
through a 3/8 inch fire nozzle and drives a Alton lu^fDine^ which is 
cblipled to an automobile generator Twelw(volt DC current is used 
to power lights, a radio, and for battery^ storaga A 1600 watt idverter 
is used when AC current Is required , 



t loyd Wallace 
Sandpoini. ID 



I " DOE Contract No* OE FG51-aOR0004r/2 
I ATMISID. ID-8^2« 
An off^fid hydroeleanc system was constmctod near SandpQint. 
ID The 17 inch diametKr Pelton wheel turbine coupled to an alter- 
nator produces 3 kilowaWs continuously with a net head of 125 feet 
The Pelton wheel was purchased as a kit and Ih6 housing was fab 
ricaled on site The 2'inch feed line to the turbine reportedly is too 
small and the grantee plans to replace it with a 4 inch feed line 

Suzanne and Robert Kelly d6e Contract Up Dt-FG41 -80R1 10350 
Lnfield. ME ATMISID ME-S©-p09 

A 75 fool long. 8 fool high. rock<:^ib limber\dam was cfyistructed 
to store vy&ter for a law head hydroelectric system The water flows 
380 feel through a 15 incf/ diameter (culvert to a home-built crossflovy 
turbine An aatomobile crviise control was modified to control the 
speed of the^tiSH^ine undfer varying load conditions^ 



Davidt'Brbwn dW Contract No. DE 

Shutesbury MA ATMlSiD MA-79'C 

A 4 kilovv%tt.tJouble'impeller. crossflow tulrbini and generator set 
was installed at an existing dam site on tne grantee s farm The 
system was estimated to produce appr6xlma!iBly 15.300 kilowatt- 
hours per year with a payback o^7'/2 years 
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DOE Contract N9 DE-FG4 1 -80R 1 1 0423 
ATMISID: NH-80^004 



Appalachian Mountain 
Club ^ 

Gorham. NH ^ / 1 ^ , * 

A 1500'watt AC induction generator coupled to a Pelton impuJse- 
type turbine uses a head of 202 feet to produce electricity for a moun 
lam hut near Twin Mountain, NH. The electricity powers lights, ja 
refrigerator, battery chargers for two-way radios, a food warmeri^ 
beverage water heater, the main water heater, and tempering tanks 
Propane consumption has been reduced by 70 percent One of the 
syslerri's interesting features was the use\)' internal baffles to pre- 
vent forergn material from causir^g premature wear on turbine cups 
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HG Ayors D0( Conlraci N(^)( 

Hoone. NC ATMISID NC 80 0i l 

A 1 7 kilowatt niicio hydro plarU was inSKilU-d on I cUjiei 'Cieek A 
iSincli Pelton whool turns a 30 horse|K>wei iruliu lion moloi qon 
eialoi to pioduce (>U cycle. 220 volt ^K')wor wMh h io(t lo the l0i;cil 
ulility The grantee also niomtored 20 slioams m VYtilaii(>i County lot 
a yoni to detefmine annual usable stream flow 
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Rojnard Bmdacli DOt Contract No OL". 

Marshall. NC ATMISll^ NC-79 o4l 

rtie grantee desigrmd and constructed a low tioacf t^ydro syst^i 
with the help of students The system uses a crossllow tuit^uu? wTtl^ 
power production of approximately 560 watts at 20 amps The system 
was designed lo feed excess power to the local utility, however . the 
grantee recommends using batteries to have backup power should 
the system go down 

Thomas Roy DOL Contract No Df FGbl -801^000540 

Philomath. OR AfMlS ID OR 80-02G 

ThG grantee designed and constructed a hydro' system on a high 
flow, lowhead stream in western Or^gor^ Due lo state restrictions 
that required a concn^te sill and wooden flashboard arrangement, an 
undershot wheel was chosen for its lugher efficiency m higfi winter 
tailwater The head was 3'/2 feet Due lo hea\7 winter flooding, prob 
lems were ^ncoirntered with the dam. flashboards. and wheel race 
arrangements . ^ 
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Loring Woodman DOL Contract No 'DL rG'18 

Jj^ckson, WY ATMISID WY 79^04 

The grgnlee installed an 1 1 kilowatt Pelton wheel micro 
hydroelectric generation plant 'In a gravity fed if rigatron system in 
rural northwest Wyoming The grantee reported the impor^arfce of 
understanding water rights, environmental impact. arijMhe large 
amount of papen^ork reaulred to get a system app/oved by the 
proper authorities " 





A grantee in Maine chose a rock crib datp because it y)as made 
of local rock and wood and because (he grantee thought it 
would be inexpensive and easy to build. It v^asn V easy. The 
grantee and about 40 friends had to cut and j^el 20p k>gs. 
build theSxSx S foot c?U)s, and ftlj them— by ' 
with about 4,000 jtibic feet of stone. 
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. PHOTO- 
VOLTAICS 

Photovoltaics arf a pnxJuct of (he 
space age. Used to provide electricity for 
sffoce crqft and communication satellites, 
the technology has now firmly landed on 
the earth. Photovoltaics are clean, reli- 
able, and don 7 polj^te while being used. 
In addition, they are modular, so the 
system dan be added to as the need arLxs 
and the budget allows. And, because 
photovoltaics have no moving fyarts, they 
are virtually maintenance free. But prob- 
ably the most amazing thing about 
photovoltaics is what they do: they con- 
vert sunlight into electricity. 
^ In fact, the only real deterrent to (he 
technolo^is its cost. Currently photo- 
voltaics are expensive, ranging from $10 
to $15 per peak wait. And yet^gpe grantjj^ 
reported that, dollar for dollar, ms 
photovoltaic panels produced more elec- 
tricity than his wind system. And jnany 
predict that photovoltaics will soon be 
fully economical for the average home- 
owner, on- or off -grid. 

Even as the price of photovoltaics 
comes down, hj^wever, they will still have 
certain limitations. V'or ej^mple, they 
only mak^ electricity when mk sun shines, 
so at nighi when you need electricity the 
most, the system is not producing. In ad- 
dition, they only produce PC electricity 
which requires either con voting to DC 
qppliances (which many *-PV" house- 
holds have doney or purchasing an in- 
verter to convert to Ad. Even with these 
limitations, however, the technoldgy has 
* been used by grantees in applications as 
divers^ as powering an emergency radio 
station to electric lights and a TV in a 
remQt^site home. 

' Rules and Regulations for 
Photovoltaics 

Like any electricity producer, a photo- 
voltaic system will need to' conform to 
state and local electrical codes and, if 
mounted oiv^the roof» they will also have 
to pass S^ib^ng codes. Planning and zon- 
ing boards i)pay also have to approve any 
photovoltaic system. • 

}m\\lc checking with the planning 
hmd it's a good idea tc^find out if any 
mflti'Storicd buildings arc allowed in 
your neighborhood which might block 
your access to sunlight. lt*s also helpful 
to kno>^ if there are any rules or regula- 
tions restricting vegetation. Trees can 
quickly grow into as formidable a block 
to the s^n as any multi-storied building. 
Some states have **sun rights*' 6t solar 
easements available. If you're planning to 
install photovoltaics in an urban or 
suburban area» be sure to investigate your 
sun rights b^ore investing in PVs. ^ 
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Technology Review: Photovoltaics 

Evaluating the Solar 
Resources ^ ^ 

Photovoltaics will make electricity any- 
where the sun shines, so generally any 
shade-free site will work. And this is one 
technology where the Vesource infonna- 
tion may already be gathered for you. 
Unlike wind or hydro resources, solar 
radiation data which can be applied to 
your site is available in basic solar energy 
textbooks, through the National Weather 
Service, or through your stale energy of- 
fice. As on^solar consultant commented, 
"There's plenty of accurate solar radia- 
tion data available. The hard pan is to 
find it." 



Maintenance ofd 
Photovoltaic System 

Because photovoltaic modules have no 
moving parts, ihcy are vihually mainte- 
nance free. Panels must be kept clean, 
but in most instances an occasional rain is 
enough to do the job. One grantee re- 
ported having to clear snow from his 
panels, but at many unattended sites the 
panels ^re known to shed themselves of 
snow once the sun shines.. Routine main- 
tendance should include a yearly check of 
the entire system, particularly the wires 
and connections, and, if ttley arc used, a 
routine check of the batteries. 



Photovoltaics are used to power the ciradation system 
in this' off-grid sofar wood dryer. 
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Support Stmctures 

Ihcre aic inaiiy wnvs In inslull ph<>(0 
voltaic panels: mounting them 'on the 
ground, elevating t^em on pole supports, 
instalhng riieni on the side or top of a 
building, or using them in place of coa 
ventional rooHng material. 

I ike wind towers, photovoltaic sup 
port structures must be designed lo sur- 
vive the most severe wmds in youp^wca. 
One grantee designed a support structure 
with quick -release clamps so that the 
nuxlule could be easily adjusted for maxi- 
mum solar gain. Unfortunately, the Tirst 
day the panel was installed it was lifted, 
off the rtx)f by gusting winds. 

The sup[X)rt structures should also be 
designed to last the life of the system. For 
example, one grantee designed an adjust- 
able support system based on greenhouse 
framing. Made of redwood, the frame is 
mounted on 2-inch metal pipes with 
clamps which enables the system to till up 
and down to gather optimun) seasonal 
sunlight. But because? it '5 wood, the 
grantee estinmtcs that the frame may. 
have to be replaced in approximately ten 
years, depending on weather conditions. 
In addition,' should more modules be 
added, a new frame will be required, For\ 
that reason, he re<;ommcnds buying from 
a manufacturer who also supplies com- 
patible metal support structures. 

Both these grantees found that adjust- 
able support stmctures help maximize, the 
system energy production. Although 
sopliisticated tracking devices may not be 
fct -effective for the average home- 
owner, the ability to manually adjust the 
an^lcof the modules of a small arra^^ to 
Maximize its exposure to the sun could 
miprove your systein^s y<^ly output by 
iis much as 40 i>ercent. 



Shopping for Photovoltaics 



With knowledge of your load and site 
characteristics, you shouldn^t have any 
problem choosing an appropriate photo- 
voltaic system. On^ grantee siniply wrote 
to tvery manufacturer he could find, re- 
questing information on panels that 
would meet his particular needs. With 
prices and specifications in front of him, 
he was able to make his choice. 



''There's plenty of ac- 
curate solar radiation data 
available. The hard part is 
to find it/' . 



Several grantees commented on the im 
porti\ncf of buying from a company with 
a gocKi reputation, and one that will statu! 
behind its product. A ''good deal" in the 
.short term may not be a goml investment 



in the long run Also, b<* sure to dieck 
panels for good water sc^aling and foi the 
availability of wan antics ami usns' 
guides before purchasing. 



Power from fhe phofovolfaic panel (between the collectors) is used to pump water 
in tf^e grantee's solar hot water system. Manv predict that this will he the first real 
cost (JJective application oj photovoltaics in on gfid homes. 
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Dennis feller , . 
J^redricksbnif , 

DOE oiiftmtM^fl 0 

DE-FG46-79R6im7 



Aithough many Americans are beginning to use 
photovoltaks to provide electricity for their homes, the most 
cost-^fe0t^ use of this technology is still in remote applica- 
<if/aw.v4 |0<>tf wmpte is the PV powered water pump which 
proiid^ water for Warner Feller's livestock. 

like many fgtmer^ vnd ranchers, feller had relied on the 
~Wtnd tp^ump "^^^ summer months, when 

UyestPfk mkiJhe water the most, there is little or no win^. 
W^W^^^'^ ^f*^^^'^ ^^^^ electric^pumpp for 

mmim^hi^r!^ M extending power lines can be ex- 
p^isM^0t^ son\Oenni?, who designed the system, 

%iitr^ Wl W the well would cost 

"^^Mtid^ The cost , to install a 

$i2,mMs it turned out, 
%i^^immcWsiem (including thefende md control shed) 



^jjMticiiljl)^^^ ^^i^^ uses the sun to pro- 

vide Electricity, ' ■ ' 
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system. 

r 

Fcllcr*s system consists of 24 modules, 
four batterief connected in parallel, a<kl 
a -horsej>ower DC motor which drives 
the water pump. Water is pumped into *V 
3.30(>-gallon storage tank which feeds a 
water troiig^ by gravity flow. In addi- 
tion. thereHs a charge controller which 
disconnects the photovoltaic panels 
from the batteries when they arc fully 

^ charged, and a blocking diode to prevent 
discharge of the fpur batteries atj nighty 
(Figure,4). 

r-eller's well can only be pumped' 
15 minutes at > time, and then needs to 
be shut/)ff for approximately 30 minutes 

• to allow the aquifer to replenish the well 
.To accomplish this. Feller installccf a DC 
timer to control the pumping. It is esti- 
mated that the system can casilyftpuml 
over 1,000 gallons a day. ' 

Problems encountered. 

The major problem the Fellers en- 
countered was finding tfte equipment they 
needed. /The original design included a 
DC-to-AC inverter to power an AC water 
pump. However, inverter manufacturers 
were very reluctant to honor their spccifi- 

» cations and warranty if an AC motor was 
the only load. After encountepmt^this. 
problem with several manufacturers, the 
system was redesigned to use a DC motor 

^ which eliminated the need for the 
inverter. 

Waiting for delivery of the DC'm^or^ 
did delay thclproject, however. Feller l^a^ 
able to locate seVeral DC motors in cata- 
logs, but the quickest delivery time he was 
able to secure was more than ten weeks. 

Maintenance has been unnecessary ex- 
cept for one problem: spiders have made 
webs in the tank float switch. These have 
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to be cleaned out occasionally and the 
switch has' had to be replaced, but as 
Werner Feller points out. spiders would 
l>e a problem no matter what the source 
of electricity. , ' 

Grantee recommendations^ 

1. Don't oversize yotir system, since 
you can always add to it later. Because lit 
tie infonnation on si/jng was available 
when the Fellers designed their system, 
they designed it on paper and hoped for 
the best. As it turned out, they, are pro- 
educing more electricity than they need. 

^Ilerpcported that^Hic had it to do over 
)aiaiiChc^ probably install three or 
four less panels, and then, if the batteries 
weren't maintaining a full charge, he 
would add more panels. 

2. Use DC equipment whenever possi- 
ble witb PVs, and be prepared for delays 
in the shipping of any eqinhii^ent . 

i. Cost has always been the biggest 
deterrent to photovoltaics, according to 
Werner Feller. But even though the initial 

FIGURE 4: Feller's System 



costs can be high, once the system is in 
stalled it works unattended. And now 
that the price of photovoltaics is coming 
down, it's an even m9re attractive 
alternative for ranchers and farmers. 
Vvi ivestock need that water." I-eller con 
chided^. *This kind of system assures that 
they'll have it." . 



Fdlef's System 
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Like Many ranchers. Feller has relied on (he wind (o pump water, but during the 
summer mdnfhs, when livestock need the water the most, there is little ot no wind. 



Werner Feller checks the DC timer whid 
controls the wafer pumping. 



PV PROJECTS 



The followftig are selected projects from the DOE AT Small Grants 
Pr^am relating to photovoltafcs 

James Schwarber DOE Contract No DE-FG51 01F^00134 I 

F airhiinks. AK ' ATMIS ID. AK -81 -012 

The grantee added a 4 module photovoltaic array'to an already ex 
isting wind system at hts remote site home The grantee reports thai 
photovoltaics are safe, reliable, and. unlike his- wind system, can be 
left unattended It fso fully complements the wind system s output 
according t^ the grantee 

77uv photovoifjjic system on 1 70 in Utah Ls used to 
power aJhtSfuhg sign which warns truckers of a 
dangerous section of road. To have extended the power 
Imes to the site would have cost the state of Utah 
$ 1 25, (XX); this system cost appro.ximately $12, 000. ^ 
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Allen Kagel DOE Contract No DE FG43-0OR3O2402 

Newark, DE ATMIS ID. DE-80 006 

A photovoltaic module was installed to circulate water in an active 
solar hot water system The high-impedance pump had to be re 
placed with a new, low impedance pump, and the mo^ple had to be 
replaced after being lifted off the grantee's rdof in a strong wind The 
system was reported as successful but not cost-effective" 

J 

This si(igle panel, mounted above a storage area for bat- 
^teries, provides enough electricity to power lights at 
Wichita State University's observatory. 
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Don Plank DOE Contract Ho DE-FG4/-80R4 10l6f, 

St Petersburg. Fl ATMISID FL-79-015 ^, 

The grantee installed a photovoltaic powored display at the &t 
Petersburg Fl main post otiice A window if> the back ol t(m display 
has volt and amp meters to monitor the systom'8 output 

Don Plank DOE Contract No DP-FG44-80R4 10318 

SI Petersburq FL ATMIS ID. F^L-80-004 

The grantee equipped .an electric Cit.<:ar with six photovoltaic 
panels The panels charge a 36-volt battery system which can power 
Mhe car at 24 to 28 mph tor 10 mites on one day's solar charge 

Henrv Unruh DOE Contract No DE-FG47-80R701 IW 

Wichita, KS ATMIS-1D.KS-80-015 - 

An adlustable photovoltaic panel, with battery storage, was in- 
stalled to provide electricity at. Wichita State University's observa^ 
tory The panel is covered with plexiglass to protect it from hail and 
vandalism. 

Brian Kent DOE Contract No. DE-FG41-80R1 10359^ 

Litchfield. ME ATMISID:ME-80-005 

The arantee installed two photovoltaic panels to an already exist- 
ing wind system at his remote-site home. The system provides elec- 
tricity to power lights and a television. 

MlcM>el Drooker DOE Contract No. DE-FG41-80R1 10380 

Sandborneville NH ATMIS ID. NH-80-005 

A photovoltaic panel was installed at the grantee's home to provide 
backup for an emergency rabto -station. Jhe system includes-two 
6-volt deep cycle batleries for storage. , 

Albert Bates DOE Contract No. DE-FG44-81R4 10435 

Summertown.TN ATMIS ID TN-81 -009 

The 'grantee develc^ed two portable photovoltaic systerris for 
demonstration at the 1982 World's Fair, One system uses reflectors 
and is mounted on a folding tripod. The other^system is mounted on a 
photovoltaic-powered golf cart. 

Utah Department of DOE Contract No DE-FG48-81R807001 
Salt Lake City UT ATMIS ID; UT-80-001 

A photovoltaic-powered flashing sign was installed on Inlerslate 70 
to warn trucks of dangerous road conditions. The system inAides 8 
modules and two batteries for storage ' 

Jeff Gold and Bruce Boyd DOE Contract No DE-FG03-80R950025 
Nevada City, CA ATMIS ID. CA-80-004 

Photovoitaics were -used to provide the electricity xiecessary Jo 
power a DC. motor which circulates air through an ofl-grid solar 
wood dryer 




A routine check of the batteries is all that is'required to 
maintain this photovoltaic system in Sandbomeville, 
New Hampshire. , 
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WHERE TO 
GO FOR 
MORE IN- 
FORMATION 



Jn working through the 10 
steps (iescn{ye(i in Chapter I, n is 
easier {f you have help. Several 
soun es may he able to provide 
assistance. 

State energy offices, energy av- 
tension services, and /or county 
extension services should be the 
first slop for anyone considering 
an energy producing technology. 
They often have up-to-date iryfor- 
mat ion on conservation and ener- 
gy ly^coduct ion techniques, names 
and addrexses of individuals who 
have electncify-producing systems, 
rules and regulations in effect in 
your particular state, the names 
and addresses of local contacts 
for federal agencies, and renew^, 
able energy resource data for the 
state {and m some instances 
guidelines for measuring them 
and/or equipment -lending pro- 
grams). And, in many instances, 
these offices have useful handouts 
to educate individuals considering 
sfyecific technologies. 

Libraries. 

Most libraries have developed 
and mainlained colleoiions on 
energy conservaiioii and aJter- 
naiive energy. If you are consid- 
ering an elect ricily-producing 
technology, a gocfd place lo sfari 
your research is at the local 
library. 

Local utility companies. 

LTocaJ utility companies often 
have information oi\ conserva- 
tion techniques (including 
energy-efficient appliances), 
records of your electricity con- 
sumption or iaformation on how 
to determine it» and guidelines 
for interconnection. 



Additional souites of 
information and assistance 

These organizations, associa- 
tions and agencies can often help 
you locate resource information, 



provide you wij]i information 
about manufacturers, and/or 
provide helpful information 
products. 

American Solar Energy Society 

(ASES) 
1230 Grandview A vr. 
^Bouldbr, CO 80302 

' The purpose of this profes- 
sional society for engineers, arch- 
itects, builders, and others inter- 
ested in the various forms of 
solar energy is to advance the use 
of solar energy. Membership, 
which is open to everyone, in- 
cludes a subscription to the 
monthly maganne, Solar Age. 
The society holds annual tech- 
nical meetings, sponsors the an- 
• n}X9\P^ivt Solar Confertnce, 
and pul^lishes con ference pro- 
ceedings and numerous technical 
books and journals. 

American Wind Energy 

Association 
105017th St. NW 
Washington, DC 20009 

This non-profit corporation 
was established to advance the 
an and science of using energy 
from the wind. Membership is 
open to anyone with an interest 
in wind energy. Members come 
from industry, government, aca- 
demia, and the general public. 
The society publishes Windletter 
and the Wind Technology Jour- 
nal smd sponsors annual tech- 
nical conferences. 

Conservation and Renewable . 

Energy 
Inquiry and Referral Service 

(CARJ£!RS) 
Suite 728 

lOOI Connecticut Ave., NW 
Washington, DC 20036 

This organization provides in- ^ 
formation on the full spectrum 
of renewable energy technologies 
and energy conservation, in 
addition, they maintain contact 
with a nationwide network of 
public and private organizations 
which specialize in highly tech- 
nical or regionally specific 
information. 

Federal Energy Regulatory 

Commission 
Division of Licensed Projects 
825 N. Capitol A venue NE 
Washington, DC 20002 

Formerly the FedAal Power 
Commission, this agency within 
the U.S. Department of Energy 



is responsible for regulating the 
use of hydroelectric power. The 
agency provides detailed infor- 
matron required to apply for a 
hydropower license. ^ 

National Hydropower A ssociation 
2010 Massachusetts Ave., NW 
Washington, DC 20036 

This trade association, with 
membership open to the entire 
hydropower industry, serves its 
members by alerting them to 
significant developments in Con- 
gress, the FERC, and other ad- 
ministrative agencies. The 
association also works with 
regional and state hydropower 
associations to form a network 
that deals with both national and 
regional issues. 

National Oceanic and \ 

A tmospheric A dminisfrvtion 
Environmental Dafa and 

Information Service 
Federal Building 
Ashevilll NC 28801 

All national weather data, in- 
cluding wind speed and solar 
radiation information, b stored 
and distributed at this center. 
The center offers a large^ amount 
of data to the public at low cost. 
Your local U.S. Weather Service 
Of'fice (usually at the local air- 
port) can also provide local 
climatic information. 

Rocky Flats Small Wind Systems 

Test Center ♦ 
RockweH International Energy 

Sj^temsGcoup 
P.O\Box464 
Golden, CO 80402 

The objectives of the center, 
which has been administering 
projects involving wind machines 
of less than 100 kilowatts since 
1976, are: I) establish and main- 
tain sources of small wind system 
technical data; 2) reduce develop- 
ment riskrthrough tbe conduct 
of a development and evaluation 
program; 3) reduce (he capital 
and life-cycle costs of wind 
systems; 4) help increase the 
reliability of small wind energy 
systems; 5) establish and operate 
a national small wind energy 
systems' testing facility; and 6) 
disseminate technicil information 
generated by the program. 



Solar Energy Industries 

Association 
100 1 Connecticut Ave. NW 
Suite 800 

Washington, DC 20036 
I This association's role is to ac- 
celerate and foster the commer- 
cialization of solar energy con- 
version for economic purposes. 
Members include manufacturers 
and installers of solar energy 
systems and components, distrib- 
utors, contractors, and engineers. 
The association publishes a bi- 
weekly newsletter and a monthly 
magazine as well as holding a 
semiannual conference and trade 
show. The association is also 
developing standards and cer- 
tification procedures for testing 
solar collectors. 

Solar Energy Research Institute , 

(SERI) 
1 536 Cole Blvd. 
Golden, CO 8040 1 

SERI was created by Congress 
to provide a national laboratory 
dedicated to serving the needs of 
the publk and industry in the 
development of solar energy. 
SERI conducts and manages re- 
search, pK}vides planning support 
to the Department of Energy, 
conducts market analyses and 
assessments of institutional bar- 
riers to the introduction of solar 
technologies, collects and distrib- 
utes information about solar 
energy, and conducts education 
and training programs. 

U.S. Geological Survey fUSGS) 
1 2201 Sunrise Valley Drive 
Reston, VA 22001 

The USOS performs surveys, 
investigations, and research cover- 
ing topography, geology, and na- 
tional mineral and water re- 
sources. It also clasdnes land as 
to mineral character and water 
and power resources. The agency ^ 
maintains a network of stream- 
gauging stations and is the prin- . 
cipal repository for measured 
stream flow data in the»country. 
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Ikyoks - - General 

Other Homes and (iarhaKC 
iiiul More Other Homes and 
iiurha);e^ Jim I cckic. ci al. ^ 
Siciia C lub Books. San l iiin 
oso>. ( A. P>7S. 1981 

i hcsr books piovidc a good 
iiuroduciioii not only lo 
clcLliicity pioduciiig icclmol 
Oleics, but to the entire spectrum 
ol available alternatives You 
tan'i design and uisiall a system 
with tlies* books alone, but they 
will provide you with a good ui 
trodmiion to the alternatives 
available 

l-nerKY f 'rimer Solar, Water, 
Wind, and Biofueb, Richard 
Merrill and I hoinas Gage, eds . 
Dell Publishing C o.. New York. 
1978 

This book provides a compre- 
hensive iniioduction lo the 
vaiious technologies that can be 
used to generate your own dec- 
tiK'ity. It is readable and easy to 
understand yet it provides 
enough detail foi the bcgiiuiei to 
gain an understanding of the 
technology Lists of manufac 
tiirers. books and pamphlets, 
and other resources make this 
book particularly useful 

How to Design an Independent 
Power System, Terrance I) 
Paul, Best l-iiergy Systems for 
Tomorrow. Inc . Necedah. Wl. 
1981. 

This piiiner provides an excel 
lent introdirtion to the AC^/DC 
argument (AC wins). Atso. it 
contaips good, basic information 
Oil batteries, inverters^ and how 
to determine your electrical load. 

How to Be Yotjr Own Power 
Company, Jim Culleii. Van 
Nostrand Remhi>ld Co.. New 
York. 1980. 

An excellent iiUrodiiction to 
the \yC side of the AC/lX^ argii- 
ment» Cullen's beok contains 
useful information on all aspects 
of IX* systems, from tools you 
will need, to wiring your house, 
to living with a DC system. One 
grantee commented that he 
couldift have installed his DC^ 
* system without the guidance of 
^ this book. 

fBetter Use o/ Your Electric 
\LIghts, Home Appliances, Shop 

Tools-'tverything That Uses 

Electricity, Michael Hacklcman. 

Peace Press. Culver City. CA. 

I98K 

This book provides useful in- 
formation on DC appliances (in- 
cluding converting AC to DC) as 
well as using AC appliances 
^lore efficiently. 
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Books H'md 

Harnevsmy ihc Wind jo! Home 
tnergy, Deriuot McCiuigan, 
Garden Way Publishing Co. 
Charlotte. VT. 1978. 

A simple, yet technically 
sound, introduction to small 
scale wmd/electric generation is 
provided ui this useful book, llie 
section on planning energy needs 
IS particularly useful to the 
novice and contains information 
on such topics as site selection, 
wind rnejixureinent. wind energy 
estimation and home wind equip 
ineiit components. 

Wind Power for the Home- 
owner, Donald Marier. Rodalc 
Press, hmniaus. PA. 1981. 

This guide to selecting, suing, 
and installing a wind system pro 
vides J\good intrtxiuction to the 
technology. It contains valuable 
information on the rules and 
regulations that may be en 
countered, and the basics of 
wind system economics. The 
book also contains apt>cndiccs 
with detailed information on^dif^ 
ferent wind luachines. their char 
actcristics, and estimated power 
production. 

Home Wind Ponvr. U .S. 
Department of l-nergy. Ciarden 
Way Publishing Co.. Crharlotte, 
V\, 1981. 

This thorough introduction t^ 
wind power includes good 
chapters on site selection. Joad 
estimation, possible legal 
hurdles, and information on 
wind syslein towers and how 
they can potentially fail. 



Books — Micro-Hydro 

Application Procedures for 
} iydropo wer L icenses, l icense 
Amendments, Exemptions, and 
Preliminary Permits, Federal 
Hnergyi^egulatory Commission. 
Washiniton, DC. 1982. 

Available from the FERC. this 
book is eisential reading for any 
(>otential Kydropower developer. 
It providesWll the infownation 
necessary trt apply for a license 
or an exemption. It is published 
in loose- leaf Vorm in a three-ring 
binder and uMales are routinely 
prepared and\jistribiitcd. 

Micrv Hydro A)wer: Reviewing 
an OldConcep\ NCAT. Butte. 
MT, 1979. 

This publication walks you 
through a ^'^ccislpn tree" sup 
plementcd with ditailcd guide- 
lines \o help you dttermine if 
micro-hydro power is suitable for 
you. It also contains detailed in- 
formation on flow ind head 
measurement, power calculation. 



and the xypcs of luibuics and 
water wheels available. 

Hu/newmii H ater /\>u'<v for 
Home Energy, Dennoi 
McCJuigan. Garden Way Pubhsh _ 
mgC o .Chailotte, VT, 1978 
This is an excellent book dc 
scribing all mannei of material ^ 
related to small and micro-s^ale 
hydio systems. It gives a iiunibci 
of examples of installations of 
the various types of water wheels 
and turbines in tlie United King 
doin and the U.S. Manufacturers 
are listed with their products and 
outputs, l-quipmeiu costs are 
often included and it contains a 
good bibliography. 

The Idaho Micro-Hydro Hand 
book. The Id^iho l>epartment of 
Water Resoiir^xs. Boise, ID, , 
1983. 

This publication contains in 
formation on site analysis 
nicthcKlology, flow and heajjr^ 
measurement , equipment ,«co 
. nomics, and regulatory require 
luents. It also contains brief 
forms and checklists to guide 
potential inicro-hydro develop- 
ers, and a list of micro hydro 
equipment suppliers. 

Microhydro Power Handbook , 
Vol. 1 and II, U.S. Department 
of Lnergy, Idaho Operations Of 
fice, Boisf ID, I98J. 

this two-volume handbook 
" should be required reading for 
anyone seriously considering a 
small micro-hydro installation. It 
contains chapters on design, 
equipment, safety requirements, 
construction, installation, 
economic considerations, and a 
thorough discussion of the legal, 
institutional, and environmental 
considerations. Supporting 
documentation and examples are 
also included. 

Books Photovoltaics 



nation of how the technology 
works, and its poteniial applica 
tions. Also. It includes useful in 
(oiniation on solar law. tax 
credits and mcentivcs, and an ni 
triuiuction that helps readers 
jlecide if photovohaics are 
appropriate foi them 



Period wa Is 

Alternative Sources oj Energy^ 
107 S. Central Ave., Milaca, MN 

Hydro Review, P.O. Hox 344, 
Cambridge, MA 02238 

The PV News Network: Solar 
Electric Information for the^ 
Solar Electric User, 10^15 
Chandler Blvd., North Holly- 
woo<l, C^A 9J60I. 

Renj^bfe Energy News,- PiQ/ - - 
.Box 182. 1377 K St. NW, Wash- 
ington, IX^ 20005 

Solar Age, Harrisville, NH 
03450. 

Wind Power Digest, 398 F, Tif> 
fin St., Basco^, OH 44809. 

New Shelter, 33 Hast Minor 
Street, Fnimaus, PA 18049. 
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The Solar Electric Home: A 
Photovoltaic How-to Handbook, 
Joel DavMson and Richard J. 
Komp, AATEC Publications. 
Ann Arbor, Ml, 1983. 

This book covers the step-by- 
step procedures involved in siz- 
ing, installing, and maintaining a 
photovoltaic system, including 
information on inverters, bat- 
teries, and wiring. It also con- 
tains useful appendices, including 
a glossary and a description of 
elect^rical c^culations used in siz- 
ing photovoltaic systems. 

Solar Electricity: Making the Sun 
Work for You, Monegon. Ltd.. 
Oaithersburg, MD, 1981, 

This book is a good introduc- 
tion to photovohaics, including 
the technology's history, cxpla- 
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GLOSSARY 



^^^^ • . wn»<* the piemn of the witq^ 

MtH«*in4^ ^ , . *»tt«rto»th<!n|»nptatcon " , 

dwed water iiirbdw «ith M»de< ' ', 

S5ffS:S5?i^ >i«oA-^«ieplpet!utc«rie. 
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LEARN 

FROM 

EXPERIENCE 




From 1978 lo 1982 the U.S. 
Depart menl ot Energy provided 
aboul 2.200 grants to a cross-section 
of Americans with good ideas for 
saving energy. Their projects reveal 
how a broad range of appropriate 
technologies actually work - from 
the farm to* the co%H)try's largest 

cities. ^ 

Their experiences have been ex- 
amined and presented in a series of 
thirteen informative (publications. 
Your State energy offices have a 
limited number of these publications 
available without charge. Addi- 
tional copies arc on sale at U:S. 
Government Printirj^g Office 
Bookstores near you. ^ 



APPROPFflATE TECHNOLOGY 
AT WORK: Outstahding Projects 
Funded by the U.S. Department of 
Energy Appropriate Technology 
Small Grants Program ! ^ 
(1978-1981). ^ 

Highlights twenty of the many success stories 
that arejound in the DOE grants program 
CPO 061.00(>-0060^rv 

WASTES TO RESOURCES: 
APPROPRIATE TECHNOLOGIES 
FOR SEWAGE TREATMENT AND 
CONVERSION 

Presents background informatioti^on conji^ 
tionat and alternative sewage treatmefftm the 
United States a^the key issues facing 
municipal sewage managers. 
CPO 061-000-00611-7 



DRYING WOOD WITH THE SUN: 
HOW TO BUILD A SOLAR- 
HEATED FIREWOOD l^RYER 

.S/iouv! the ovvr }4 ttulUon firewood users im 
America how to Inald an efficient, low cost 
'firewood dryer and cvntams suggestions for 
more effment burning of the dry wood 
C.r*0 061 000 00613-3 

MOISTURE AND HOME ENERGY 
CONSERVATION 

hocuses on detecting moisture problems in 
the horne and how to correct them arui m 
eludes a trainu^g supplement on how to con 
duct a moisture audit in a home. 
C\K> 061-000-00615^0 

PHOTOVOLTAICS IN THE 
PACIFIC ISLANDS: AN 
INTRODUCTION TO PV 
SYSTEMS 

Helps teachers, adult educators, and com 
munity leaders ui the Pacific Islands explam 
the basic parts of a PV systerri 
GPO 061-000:20616-6 

USING THE EARTH TO HEAT 
AND COOL HOMES 

Provides a fuide to using the earth as a readi- 
ly available, low-cost resource for space 
heating and cooling with a focus on itistalla- 
tion. economics. reliabiUtj^nd performance 
of systems utilizing low-grade geothermal 
energy and earth-temperea air systems. 
GPO 061-000-00620^6 

iNt&bDUCING SUPPLEMENTAL 
COMBUSTION AIR TO GAS- 
FIRED HOME APPLIANCES 

Shows consumers and building trades people 
how to increase heating system efficiency by 
usitig outside or supplemental combustion air 
and also includes a set of basic how-to in- 
structions to allow consumers to build 
necessary ducts and vents Code and safety 
implications of these actions are thoroughly 
addressed. 
OPO06I 000'0()62l-4 



SOLAR GREENHOUSES AND 
SUNSPACES: LESSONS 
LEARNED 

Focuses on the experumces of hundred^ of 

DOE grantees who designed and butit 

greenhouses, and eiammes individual 

greenhouse components mcludmg framing 

glazing, storai^e ventilation and control 

mechanismfi 

CPO {)6I 000 (X>622 2 

HEAT-RECOVERY VENTILA- 
TION FOR HOUSING: AIR-TO 
AIR HEAT EXCHANGERS 

Teaches ownsr builders, building trades peo 
pie. and designers how to size ventilation 
systems for energy efficient housing Major 
emphasis is placed on the air to air heat ei 
changer S 
CPO (V>! (XK) (KK)M I 

MAJOR ENERGY CONSERVA- 
TION RETROFITS: A PLANNING 
GUIDE FOR NORTHERN 
CLIMATES* 

CoMffliM5 State of the art strategies for the 
builder, architect, and skilled homeowner m 
decidmg the most cost effective procedures 
for insulating roofs and walls This decision 
making manual allouys users m northern 
climates to determine the most cost-effective 
means for increasing the thermal efficiency of 
their specific budding envelope 



HOME MADE ELECTRICITY: AN 
INTRODUCTION TO 5M ALL- 
SCALE WIND, HYDRO, AND 
PHOTOVOLTAICS 

Introduces the use of }oind. water, and the 
sun as electricity producers and, based on the 
experiences of grantees, helvs the reader 
make a realistic appraisal of these systems 
GIH) 06 l (KK) 00630 :^ - - . 

WINDOW INSULATION: HOW 
TO SORT THROUGH THE 
OPtlONS* 

Focuses on the major decision and problem 
areas with the technology including choosing 
the right design for the window, how to 
choose a workable installation method, and 
how to size up your window-insulation needs 
given climate, cost, and home orientation. 

AN INTRODUCTION TO 
BIOGAS PRODUCTION ON THE 
FARM* 

Introduces farm-size biogas production and 
includes a brief discus^idn on how to evaluate 
the biogas production potential of a specific 
ranch or farm. 



MVVlll ht available by March, 19M) 
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Our warehouses here at the Oovernniciit 
Printing Office contain more than HI, ()()() 
different Covernrnenl publications. Now 
we've put togetlier a eatalo^j^ of n«'arly 
l.(MK)<)f the most popular books in our 
inventory. Rooks like Infant ("arc, 
National Park (iuide and Map, The 
Space Shuttle at^ Work, Fcdcrai Benefits 
for V^eterans and Dependents, 
Merchandising Your Job 



Talents, iuul-Thc Hack-Yard Mechanic. 
Hooks on suhji'cts l anding from 
agriculture, business, children, 
and diet to f^cience, space exploration, 
transportation, and vacations. Find out 
what the (Government's books are all 
about. For your freo copy of our 
new bestseller catalog, write — 
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N«w Catalog 

Post Offuv Box :I7(XK) 
WashiuKton, [).(\ 2(K)i:] 



Bestsellers 
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